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FOREWORD

The documentation of current NAS en route and terminal con-
troller operations is critical to the success of the Federal
Aviation Administration's (FAA) Advanced Automation System (AAS).

Why? Studies to date have not adequately addressed how both
the en route and terminal controllers do their job in terms of
tasks and interactions with the NAS Stage A and ARTS II,III Sys-
tems. Tomorrow's system, the AAS, will see the integration and
consolidation of terminal and en route processes into what |is
termed the Area Control Facility (ACF). The purpose of this doc-
ument is to capture, in one place, the information processing
tasks of the en route and terminal controller. This will serve
to aid the engineer and designer of the AAS with some insight
into the why, what, and how of current NAS operations.

This document, of necessity, takes an operational view of the
current systems and presents data on how the controller does his
perceptual, cognitive, and motor functions. Our approach is to
treat the controller as a human information processor who inter-
acts with a variety of ATC systems to perform the tasks of expe-
diting, separating, and controlling air traffic, Our view is to
rigorously identify and characterize these functions, or better
termed "information processing/handling tasks," in such a way
that the engineer can understand the job of a controller. From
this bank of knowledge one can infer, study, analyze, and eventu-
ally develop in the AAS the capabilities for aiding and improving
controller productivity.

In addition, this document preserves, for the purposes of
transition to the ACF, the design information that is applicable
to the activities of a controller which must be implemented in
the initial implementation step of the sector suite. Here we
tefer to the set of activities and information processing tasks
performed at the radar positions in terminal approach control and
en route centers.

Note that the focus of this document is on the composition
and analysis of controller information processing tasks, and not
on the machine functions described in NAS Stage A3d2 and ARTS
11,111 technical documentation.

This document also serves the secondary purpose of represent-
ing the body of knowledge about controller operations which has
been evaluated and validated by the community of Air Traffic Con-
trollers through their Air Traffic Service representatives on the
Sector Suite Requirements Validation Team. This validation pro-
cess will serve the purpose of improving the accuracy and vali-
dity of documenting how the controller does his job. It is also
the basis for synthesizing and identifying the requirements and
operating concepts for the AAS man-machine interface (MMI).

ii
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1.0 INTRODUCTION AND EXECUTIVE
SUMMARY

1.1 ORGANIZATION OF DOCUMENT
CONTENTS AND STRUCTURE

Major sections in this
analysis are arranged to pro-
vide the reader with an under-
standing first of:

a. the history and evolution
of Air Traffic Control
(ATC) systems, from the
use of airway radio sta-
tions to recent automa-
tion efforts.

b. the concepts of airspace
navigational aids and
route structure, and no-
tions of controlled air-
space.

c. the concepts of terminal
approach control and en
route ATC centers,

d. the elements of air traf-
fic control (e.g., flight
plans, separation stan-
dards/procedures, advis-
ory services).

e. current NAS Stage A and
ARTS system capabilities
and machine support, spe-
cial aids and functions.

f. current controller opera-
tional organizations.

Items a through f are cov-

ered in Chapter 2.0, entitled
"Air Traffic Control Opera-
tional Environment. Chapter
3.0, "Air Traffic Control
Operational Events', provides

the reader with a description
of events involving singie
aircraft and multiple air-
craft. Furthermore, descrip-
tions are provided for contin-
gency situations such as mis-
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sed approaches, runway chang-
es, and conflict alert. From
these descriptions, controller
actions vis-a-vis each event
are identified as activit.es
and sub-activities in Chapter
4.0,

Chapter 4.0, '"NAS ATC En
Route and Terminal Operations
Activities,'" translates events
onto the man-machine activi-
ties performed by the control-
ler. Although the controcller
constantly is anticipating and
planning actions, the premise

of this section is that con-
trollers are 'event respon-
sive'" human information pro-

cessors (in the engineering
sense). To support this pre-
mise, the controller activi-
ties and sub-activities iden-
tified in Chapter 4.0 are

associated with ATC events.
Also associated with ATC
events are the NAS messages

and information obtained from
radio and interphone communi-
cations, situation displavs,
and flight strips used by the
controllers. The notion of
defining controller activities
is to identify (at the concep-
tual level) the man-machine
pairs (which involve control-
ler actions and machine ac-
tions) to provide a direct
mapping between events and
current NAS Stage A and ARTS
11, II1 operations.

In Chapter 5.0, ''NAS ATC
En Route/Terminal Controller
Information Handling and Pro-
cessing Tasks," the reader is
provided with a more detailed
composition of controller ac-
tivities. These activities
and sub-activities defined in
Chapter 4.0 are decomposed
into controller tasks and mav
represent en route unique,
terminal unique, or common




methods used by controllers
regardless of the type of
event, This 1low level of
analysis includes details of

controller task sequences, his

information requirements, and
the man-machine dialogue.
Chapter 6.0, '"NAS ATC

Position Operations and Work-

load Assessment,'"  provides
human factors analysis of
tasks. This analysis shows

how tasks are performed by the
radar and manual controller
positions to share and reduce
individual workload. Also,
preliminary qualitative work-
load assessments of the per-
ceptual, cognitive, and motor
facets of the controller job
are provided.

Chapter 7.0, "Significant
Observations, Issues, and Con-
clusions," leads to a synopsis
of CTA's observations and sig-
nificant issues. Finally, the
report examines areas which
require further investigation
and analysis.

Please note that Chapters
2.0 through 5.0 are presented
as levels of knowledge or in-
formation about the ATC system
and the job of a controller.
Figure 1-1 provides a '"techno-
glyph" of how these levels are
structured. This document was
structured for several types
of readers, i.e., those who
are completely unfamiliar with
air traffic control and those
with varying degrees of knowl-
edge. For the engineer or
designer who is not familiar
with the ATC system, this doc-
ument is structured to first
give a broad understanding of
the ATC system (Chapter 2.0),
then provide a description of
events as they might occur in
an operational scenario (Chap-

1-2

ter 3.0). Chapter 4.0 pro-
vides a high level description
of the activities and sub-ac-
tivities of a controller. This
is intended to give the reader
a conceptual picture of what
the controller does. In Chap-
ter 5.0, details of the con-
troller's job are given at a
level that is observable in
either a radar approach con-
trol or en route facility.
Chapter 5.0 provides a detail-
ed description of the interac-
tion between the controller
and his workstation. Chapter
6.0 describes the job of a
controller in terms of termin-
al radar, en route radar, and
manual controller positions.

The more knowledgeable
reader can use the table of
contents to select portions of
this document both for quick
reference and detailed review.
Information contained in Chap-
ters 4.0 and 5.0 is structured
hierarchically to permit the
reader to map from a set of
controller activities, to sub-
activities, to detailed tasks.

Y
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1.2 OBJECTIVES

The purpose of this analy-
sis is to document en route
and terminal controller opera-
tions and information process-
ing tasks. This effort has
involved:

e integrating CTA observa-
tions of controller tasks
and incorporating the re-
sults of earlier studies
and data collection ef-
forts (See Annotated Bib-
liography in Appendix A),

e focusing on similarities
and differences among the
various terminals and
centers,

e reviewing/debriefing re-
sults with controllers
and FAA Headquarters of-
fices,

e verification of '"current
operations" procedures
and methods for man-
machine interface by the

FAA AAS Sector Suite
Requirements Validation
Team and Air Traffic
Service.

The objectives of this an-
alysis are three-fold:

1) Communicate to the AAS
contractor designers the
"core'" of ATC operations
which must be implemented
for Initial Sector Suite
and Final Sector Suite.

2) Provide a knowledge base
from which design con-
cepts for the AAS man-
machine interface can be
derived.

3) Establish an AAS contrac-
tor knowledge base and

E——

understanding of current
NAS controller opera-
tions.

The documentation of cur-
rent NAS en route and terminal
controller operations is cri-
tical to the success of the
FAA's AAS. As noted in the
Foreword, the purpose of this
document is to capture in one
place the information process-
ing tasks of the en route and
terminal controller. This
will serve to aid the engineer
and designer of the AAS with
some insight into the why,
what, and how of current NAS
operations.

A follow-on effort will be
to produce an operations con-
cept for the AAS Man-Machine
Interface. We use the term
"operations concept" to mean
the following:

e A functional description
of a system's operational
requirements from the
operator's view, assess-
ment of workload and human
performance levels, and
associated information re-
quirements by user/opera-
tor position. (Information
processing requirements
incorporate cognitive and
perceptual components of
displays, viewability cri-
teria, information presen-
tation/interaction tech-
niques, and dialogue defi-
nitions.)

The operations concept is
viewed as task oriented, not
data-processing function ori-
ented. The operations concept
will formally record the in-
terfaces and allocation of re-
quirements between man and ma-
chine. This notion is the
opposite of a system level




specification, which stipu-
lates requirements independent
of allocation to people, hard-
ware, and software. The oper-
ations concept defines what
the system looks like to the
user.

We use the term "task" to
denote a '"meaningful unit of
work performed by the control-
ler"” which has the properties
of task <closure, specific
human performance indices or
goals, single event stimulus,
and multiple response or out-
put possibilities. The suppo-
sition is that, if one can
define what the controller
does in terms of sequences of
actions, then the dialogue
between the controller and the
workstation is a logical deri-
vation.

CTA plans to work closely
with the Sector Suite Require-
ments Validation Team to de-
fine and structure Man-Machine
Interface (MMI) requirements
for controller positions in
such a way that:

1) MMI operations concepts
developed to date are
evaluated and incorpor-
ated as appropriate;

2) MMI requirements defini-
tions are based on proven
techniques used in cur-
rent operations; and

3) Sufficient detail is
available to the AAS con-
tractor to understand ex-
plicitly the man-machine
interface for each con-
troller task.

It 1is recognized that
controllers interface

with pilots and control-
lers, but the term MMI is

meant to 1include those
interchanges that involve
messages and/or communi-
cation,

1.3 SCOPE: TERMINAL AND EN
ROUTE OPERATIONS

The scope of this analysis
is limited to the on-line con-
troller operations at en route
and terminal radar approach
control facilities. This in-
cludes the radar, manual, and
assistant controller positions
at the en route centers, and
the radar positions at the
terminal facilities. The
types of sectors/positions
which have been studied in-
clude:

e High Altitude
En Route
e Low Altitude Center
® Satellite
® Arrival/Feeder
Terminal

e Final
o Departure

Here we are using the term
sector/position to denote the
workstation for which the con-
troller has responsibility to
actively monitor the activi-
ties and maintain separation
of aircraft.

This document also exam-
ines both a range of routine
and non-routine events which
the controller, in performing
his usual tasks, will react to
and/or anticipate. Descrip-
tions have not been provided
for events such as catastro-
phes, hi-jackings, or sensi-
tive U.S. Government in-flight
operations.




This document does not
consider the specialized acti-
vities of the supervisory con-
troller, flow controller, and
center meteorologist.

1.4 ASSUMPTIONS

Our basic human informa-
tion processing model of a
controller assumes that we can
characterize controller acti-
vities as being ''event sensi-
tive." It is also assumed
that tasks can be character-
ized as shown in Figure 1-2.

Events which are the re-
sult of the interactions be-
tween aircraft, airports, air-
space, weather, and the ATC
environment represent the in-
put stimulus to the control-
ler. Included 1in the ATC
environment are controller/
controller, pilot/controller,
controller/staff, and control-
ler/machine interactions. A
controller task is the sequ-
ence of interactions which is
either triggered by a previous
task or an event, and which
results in a detectable con-
troller action. An example of
a task is: ''generate a clear-
ance for speed control, alti-
tude change, or heading
change'" (e.g., climb and main-
tain flight level 330).

Note, in Figure 1-2, that
the event stimulus can be
characterized in terms of some
message input via a situation
display, voice contact with
pilot or controller, flight
strip, or weather report. This
stimulus causes the controller
to integrate system parameters
such as separation standards,
geographic references, route
structure, and situation. This
leads to the generation of
control responses (such as co-

ordination actions, clearance
delivery, message acknowledge-
ment, flight strip marking, or
transition to a next task),
and the requesting and genera-
tion of further information on
such issues. Furthermore,
characteristics which repre-
sent the controller action or
response can be correlated to
the completion of a task and
the time or effort required
for task accomplishment. Sup-
porting this fundamental
assumption are the underlying
formalisms of decomposition,
control theory, state space
theory, information flow, and
concurrency which are describ-
ed in Axiomatic Requirements

Engineering, a TRW technical
report authored by Mack Alford
in 1978 [References 1,2].

Other specific assumptions
include:

e the assertion that formal
rules of decomposition (or
refinement of controller
activities into lower lev-
els of detail) can be used
to describe the breakdown
of controller activities
into sub-activities and,
finally, controller infor-
mation processing tasks
and subtasks,

e the assertion that the
composition of controller
activities and information
processing tasks can be
described using a graph
which preserves the human
information processing
properties of concurrency,
decision-making, sequenti-
al execution of tasks, and
mental iteration, or clos-
ed loop repetitive task
execution. The graphs are
called composition graphs
and are described in Fig-

0
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ure 1-4 in Section 1.5,

® the assertion that con-
troller subtasks are the
lowest level of analysis
and reflect the direct,
observable interaction be-
tween the controller and
his workstation situation,
including those cognitive
and perceptual actions
which can become "observ-
able'" through controller
report of the action
taken,

e there exist activities and
tasks which are both com-
mon and unique to terminal
approach control and en
route operations,

e the assertion that most of
what is available in the
literature regarding the
controller's job is in
terms of his motor tasks,
e.g., generate clearance,
depress quick action key,
locate aircraft flight
data block, etc,

e the inference that the

controller performs '"manu-

| ally" many activities that
could potentially be auto-
mated.




e &

EVENT INFO PROC RESPONSE OBSERVABLE
STIMULUS ] TASK; ; 7" CONTROLLER ACTION

GLOBAL SYSTEM HUMAN
PARAMETERS PERFORMANCE
INDICES

ss———

\

TASK COMPLETION
OR CLOSURE

DEFINITIONS :

INFORMATION -
PROCESSING TASK

EVENT STIMULUS -

GLOBAL SYSTEM -
PARAMETERS

RESPONSE -

HUMAN PERFORMANCE -
INDICES

TASK CLOSURE -

A PERCEPTUAL. COGNITIVE OR MOTOR UNIT OF WORK WHICH HAS THE
FOLLOWING PROPERTIES

OCCURRENCE OF AN EVENT WHICH CAN BE CHARACTERIZED IN TERMS OF SOME
MESSAGE INPUT VIA A SITUATION DISPLAY, FLIGHT STRIP, INTERPHONE/RADIO
COMMUNICATION OR WEATHER REPORT

SEPARATION STANDARDS. PROCEDURES, GEOGRAPHIC REFERENCES, AND OTHER
ADAPTATION DATA

SBSEE\?EVABLE CONTROLLER ACTION. MAY ALSO REPRESENT THE INITIATION OF
N NT

TIME OR EFFORT REQUIRED FOR TASK ACCOMPLISHMENT

COMPLETION CONDITION SUCH AS A TRANSITION TO NEXT TASK OR TASK
ACCOMPLISHMENT

Figure 1-2 Controller Information Processing Model
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1.5 METHODOLOGY AND LOGIC FOR
PREPARATION OF THIS DOCU-
MENT

CTA followed a rigorous
method [Reference 3] for pre-
paring this document to assure
completeness and consistency
and also present the results
of our analysis in a logical
fashion.

Our logic process begins
with the initial premise that
terminal and en route control-
ler operations can be charac-
terized in terms of the rela-
tionships between the ATC ex-
ternal environment and the
operations at the en route and
terminal facilities. This
concept is illustrated in Fig-
ure 1-3. This figure shows
that the ATC external environ-
ment is composed of airspace,
weather, aircraft, airway/air-
port facilities, and surveil-
lance capabilities. Figure
1-4 provides a set of formal-
isms for specifying these re-
lationships in a rigorous man-
ner.

Airspace is bounded by
elements such as the geogra-
phy, terrain, obstacles, air-
way route structures, and wea-
ther. Aircraft is function-
ally related to airspace in
terms that aircraft navigate
through airspace using random
routes or the formal airway
route structures. Aircraft
can be characterized as IFR
(Instrument Flight Rules) or
VFR (Visual Flight Rules) and
designated as either commer-
cial, general aviation, or
military. The term Airway/
Airport Facilities here 1Is
used to denote airports, run-
ways, ATC equipment, and navi-
gation aids. These facilities
are directly related to air-

craft and airspace in the
sense that aircraft flying
published routes rely on navi-
gational aids for en route and
arrival/departures at airports
which may be affected by ter-
rain or man-made obstacles and
weather.

Surveillance Capabilities

. 9

fall 1n the category ol radar
coverage of aircraft and wea-
ther. For the application of
non-radar ATC procedures as
defined in ATC procedures for
control of aircraft, see Air
Traffic Control, 7110.65, plus
standard operating procedures
and agreements at each ATC
facility.

The importance of the re-
lationships among airspace,
aircraft, facilities, and sur-
veillance capabilities from
the controller perspective is
that events (which trigger
controller actions) can be
characterized in terms of
these elements, e.g.:

e Airway rtoute configura-
tion and composition,
traffic volume and com-
plexity, and weather af-
fect the manner in which
controllers expedite and
separate traffic. Weather
related events may include
IFR minimums which affect
facilities and, thereby,
result in reducing runway
capacity. Obstacles and
terrain force the control-
ler to maintain aircraft
at safe minimum altitudes.

e Aircraft movement may
trigger events such as in-
flight amendments to plan,
preferential routing, re-
quest for direct route
segments, missed approa-
ches, loss of radio con-
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AIRSPACE

AIRCRAFT

FACILITIES

NAVIGATION AND
SURVEILLANCE
CAPABILITIES

g Ry A M A g

ATC OPERATIONS

Figure 1-3 ATC Environment vs ATC Operations (Refer to Figure 1-4)
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ATC ENVIRONMENT AND ATC OPERATIONS RELATIONSHIPS

ATC ENVIRONMENT:

ENVIRONMENT = AIRSPACE U AIRCRAFT U FACILITIEB U SENSOR CAPABILITIES
WHERE:

AIRSPACE = {GEOGRAPHV, AIRWAY ROUTE STRUCTURE. OBSTACLES, WEATHER}
AIRCRAFT = {(IFR, VFR CAPABILITIES), (COMMERCIAL, GENERAL AVIATION, MILITARV)*
FACILITIES = *AIRPORTS, FLIGHT SERVICE STATIONS, RUNWAYS, ATC EQUIPMENT }

NAVIGATION/SURVEILLANCE CAPABILITIES = {RADAR SURVEILLANCE AND NAVIGATION AlDS}
= "€ (SENSOR TYPE)

. . —— — ——— e e v e v e e e — —— e G mmm e e e e e wm—— - ey

ATC OPERATIONS
ATC OPERATIONS = H{SEPARATION/CONTROL PHILOSOPHY}

SEPARATION/CONTROL PHILOSOPHY = t{CONTROL PROCEDURES, SEPARATION STDS, ENVIRONMENT ADAPTATION,
DIVISION OF RESPONSIBILITY)

DIVISION OF AIRSPACE RESPONSIBILITY = {{EN ROUTE, TERMINAL, AND TOWER OPERATIONS)
EN ROUTE/TERMINAL ATC OPERATIONS = {SECTOR/POSITION TYPES |
SECTOR/POSITION TYPES = | ARRIVAL, DEPARTURE, TRANSITION, FEEDER, HIGH ALTITUDE, FINAL, ETC}

EVENTS, SECTOR/POSITION, ACTIVITY RELATIONSHIPS

EVENTS » ATC ENVIRONMENT INTERACTIONS N ATC OPERATIONS, ERGO:
EVENTL i'AIRSPACE U AIRCRAFT U FACILITIES U SURVEILLANCE CAPABILITIES U ATC OPERATIONS

WHERE:

EVENT = {{SINGLE AIRCRAFT, MULTIPLE AIRCRAFT, FACILITY CONSTRAINTS, SURVEILLANCE STATE, AND
'--1 ENVIRONMENT STATE)

SUCH THAT EVENT iOCCUF! INPARALLEL AND SIMULTANEOUSLY WITHIN PURVIEW OF A SECTOR/POSITION
MESSAGE TYPE OR CONTROLLER INFORMATION = NEVENTI i)
WHERE: EVEN'I'i iARE ACTIVITY STIMULI

rS:(;TOR/POSITION TYPE ? CONTROLLER ACTIVITIES
WHERE:
ACTIVITIES = HEVENTS, SECTOR/POSITION TYPE, ADJACENT SECTORSFPOSITIONS)
SUCH THAT ACTIVITIES MAY BE COMMON TO SEVERAL SECTORS/POSITIONS
IF MESSAGE TYPE' = INPUT STIMULUS

l MESSAGE TYPE]. = OUTPUT STIMULUS + TASK CLOSURE
ITHEN ACTIVITY (INPUT MESSAGE TYPEi) éMESSAGE 1’VPEj

’THUS ACTIVITIES REPRESENT THE OPERATIONAL (CONTROLLER! TRANSFORM ON INPUT MESSAGES OR
|INFORMATION INPUT STIMUL | (WHICH ARE A FUNCTION OF EVENT(s)) TO PRODUCE AN OUTPUT

IMESSAGE TYPE | OR SUBSEQUENT EVENT.
i i ]
LEGEND:
n INTERSECTION OR PRODUCT OF
v UNION OF
! |  acemrecateor

Figure 14 Logic for Analysis and Description of Current NAS Operations and Controller
Information Processing Tasks
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ACTIVITY-TASK DECOMPOSITION

ACTIVITY, . =3>{HUMAN INFORMATION PROCESSING TASKS, MACHINE FUNCTIONS |

WHERE ACTIVITY REPRESENTS THE ACTIONS PERFORMED BY A MAN—MACHINE PAIR, THUS ACTIVITY € NAS
SYSTEM FUNCTION

rA—N ACTIVITY COMPOSITION (ACTlVITV') IS SAID TO BE A DECOMPOSITION TO TASKS IF:
|l) EVENTi * EVENTl INPUT/OUTPUT SEQUENCES PRESERVED

1
lz RESPONSE * RESPONSE.
I ...k By - hy

,3’ ¥ ACTIVITYI lEVENTi) - FIESPONSE,. .

k

« MAPPING PRESERVED

| THEN TASK, (EVENT, ) ~= RESPONSE,
1 2

4) CLOSURE = CLOSURE. CLOSURE/COMPLETION CRITERIA
| i PRESERVED
I5) l’El"!FOFIMAMCEI =PE RFO'!MANCEi PERFORMANCE TRACEABILITY PRESERVED
2

— v m— —— ——— — — — —— — — — wm— p— o— t— - m— e o—— ——

TASKS =) SUBTASKS IF TRANSITIVITY IS PRESERVED

THUS THIS METHOD DEMONSTRATES THE PRESERVATION OF MAPPING BETWEEN EVENTS —a» ACTIVITIES =
TASKS ~—&- SUBTASKS AND IS ALSO CORRELATABLE TO SYSTEM FUNCTIONS AND MESSAGE TYPES

I
I
|
l
|
l
|

ok

Af =SYSTEM
7__6 PARAMETERS
EVENT, ——a" ACTIVITY, *RESPONSE,

CLOSURE PERFORMANCE
ATTRIBUTES

Figure 14 (cont)
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tact, and potential con-
flicts with terrain, air-
craft, or restricted air-
space. Aircraft are '"con-
trolled" as a function of
weather, airspace, and
sensor coverage; and use
the available services of
airports, flight service
stations (FSS), and navi-
gation aids.

e Facilities such as air-
ports/runways are resour-
ces affected by the wea-
ther to which ATC opera-
tions are restricted or
metered. FSSs and navi-
gation aids are services
offered to aircraft pi-
lots.

e Surveillance capabilities
and flight progress strips
provide the Air Traffic
Controller with the capa-
bility to '"see'" the situ-
ation and take action to
provide safe and expedi-
tious flow of traffic.

The existing system was
designed around the notion
that airspace can be parti-
tioned into airspace volumes
(i.e., sectors/positions) such
that the controller can moni-
tor aircraft in his assigned
airspace or area and maintain
separation between aircraft,
and aircraft obstacles. Sec-
tors and positions are grouped
into clusters or ATC facili-
ties.

Fundamental to ATC opera-
tions is the concept of the
aircraft Separation/Control

Philosophy, i.e., the conduct
of ATC operations is an imple-
mentation of that philosophy
by the controller to assure
safe and expeditious flow of
traffic. The Separation/ Con-

trol Philosophy in ATC opera-
tions 1s a function of FAA
separation standards, specific
facility ATC procedures and
interfacility agreements, di-
vision of airspace responsi-
bility, and adaptation to the
external ATC environment.

Division of airspace re-
sponsibility i1s related to an
K@C Separation/Control Philos-
ophy in that the controller
"manages his airspace'" in
accordance with FAA ATC sepa-
ration standards and proce-
dures. In addition, this
philosophy transcends a single
sector or position by first
requiring the formal transfer
of aircraft control from sec-
tor to sector within a center,
between centers, between cen-
ters and terminal approach
control facilities, and be-
tween positions within an
approach control facility;
and, secondly, by requiring
the wuniform application of
separation/control standards
by all ATC facilities.

This introduces the prem-
ise that "ATC operations at
sectors and positions carry
out procedures to achieve
safe/expeditious flow of traf-
fic and are designed to re-
spond to events which occur in
the environment." Thus, one
may conclude at this point,
that the critical focus for
analysis of ATC operations
must be on sector/position
types (e.g., low altitude,
transition, final, arrival,
etc.)

Furthermore, controller
position types are normally a
function ol expected events
and anomalous events (where
events can occur simultane-
ously) within the area served




by the sector. The second
assertion is that '"events are
a function of single or multi-
ple aircraft and their inter-
action with weather, airports,
geography, and facilities."
This leads to the conclusion
that the air traffic control-
ler is an event-sensitive
human information processor.

The actions that a con-
troller performs at his sector
and position (in response to
an event such as an air file
flight plan or conflict alert)
are defined as "activities."

Activities represent the
top-level functions or actions
performed by the controller-
machine pair. The term ''con-
troller-machine pair’ is used
in this context to denote the
actions that a controller per-
forms at his workstation in
response to an event or events
such as an aircraft that is
departing his sector (which is
an input stimulus to the con-
troller), the handoff inter-
action sequence between the
man and the machine, and the
resulting output or response
such as controller acknowl-
edgement that he has accepted
the handoff. In short, an
activity is a subset of an en
route or terminal controller
function.

Activities are a function
or the result of external
events, the coordination among
members of a controller sector
suite team, or coordination
between adjacent sectors/posi-
tions. Here the term ''sector
suite" refers to the control-
ler's workstation.

Events can be associated
with the type of information
displayed, printed, or verb-

ally communicated to the con-
troller. For example, a con-
flict event between two air-
craft may appear as a conflict
alert message on the control-
ler's display. Again, one can
assume that events can be cor-
related in many cases to NAS
message types. (Thus, if one
can characterize the occur-
rence of events at a sector/
position, one can derive or
assess aspects of controller
workload.)

The composition of an ac-
tivity is an orderly arrange-
ment of human information pro-
cessing/handling tasks. Fur-
thermore, the decomposition of
an activity into sub-activi-
ties and, finally, into tasks
preserves the transitivity or
traceability of the event sti-
mulus (via message type and
input) and resultant response
(message type and output, or
controller acknowledgement of
task closure). This diagram-
ming technique is illustrated
in Figure 1-5., Note in Figure
1-5 the discussion of composi-
tion graph symbols which de-
fine the sequential, concur-
rent, interactive, decision-
making (path selection) flow
of sub-activities and further
decomposition of related in-
formation processing tasks.
The composition graph is the
diagramming technique we have
selected because of its capa-
bility to preserve the multi-
processing attributes of the
controller.

Composition graphs employ
special symbology to reflect
the parallel, conditional, and
iterative manner in which the
controller job may be perform-
ed. These symbols are located
on a graph at both the begin-
ning and ending point of that
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p=

particular process. Thus,
there must always be a pair of
the same process symbol, open-
ing and closing that process
on the graph. This pairing
can be noted in Figure 1-5 and
the graphs of Chapters 4 and
5

Human Information Process-
ing Tasks are meaningful units
of controller work, and are
referred to in Figure 1-2.
Information processing tasks
are decompositions of activi-
ties. Examples of tasks in-
clude: project future posi-
tion/altitude of an aircraft,
generate clearance, and eval-
vate traffic sequencing alter-
natives.

Controller tasks may be
characterized as perceptual
(visual), cognitive (mental)
or, motor (voice, tactile)
processes which can be quali-
tatively and quantitatively
assessed. The controller per-
forms multiple cognitive, per-
ceptual, and motor tasks si-
multaneously. In addition, he
is able to handle different
priority levels on an inter-
ruptible basis.

Therefore, one can expand
the characterization of a con-
troller to that of: "an
event-sensitive, interruptible
information processor with the
capability of handling multi-
ple priority levels."

The current view is that
much of what has been descrip-
tive of a controller task has
been in terms of controller
motor actions which are easily
observable, e.g., generate
clearance, amend flight plan,
force data block, etc. In
fact, these tasks usually re-
present ''closure'" or comple-

tion of a task sequence. Clo-
sure denotes completion of a
task and/or transition to next
task.

A composition graph of
tasks reflects linkages among
the tasks, not a hierarchical
arrangement that implies the
"level” of the task. The
first task is not an "overall
task"” to be accomplished by
performance of the tasks that
follow on the graph. Nor is a
composition graph a flowchart
in the usual sense, though a
sense of task sequencing is
inherent in the graph portray-
al.

Tasks (and subtask de-
scriptions) are stated to a
functional level of what is
accomplished by the control-
ler. Low-level procedures or
precise steps of how a task is
performed on the current
equipment are not detailed.
Rather, their intent is to re-
flect what gets done without
unduly restricting them to a
particular version of equip-
ment or specific procedure.
Nor are local facility proced-
ures stated, but only a func-
tional statement of the con-
troller's action. It may also
be noted that a task is stated
and numbered only once, with
the sub-activity where it
appears to have most meaning.
Thereafter, in other composi-
tion graphs where it may also
be relevant, the original task
(or activity or sub-activity,
as appropriate) is merely re-
peated in a dashed graph box
(Refer to Figure 1-6). The
reader may wish to refer to
the original graph source for
related tasks. Task numbering
within its principal sub-acti-
vity is arbitrary and has no
sequential meaning.

_— .. S . - '.;ﬁ'.l\‘,.!.




Information Processing

Subtasks are the lowest level
of decomposition of tasks and
represent the direct implemen-
tation of the interaction be-
tween man and machine. An ex-
ample of this is shown in Fig-
ure 1-6.

Task level compositions
and associated information
flows are then used to perform
analysis of crew-team factors
within a TRACON and en route
center. In addition, prelim-
inary assessments of human
per formance and controller
workload can be derived.
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2.0 AIR TRAFFIC CONTROL OPERA-
TIONAL ENVIRONMENT

The purpose of this chap-
ter is to provide the engineer
with a comprehensive descrip-
tion of the environment that
is external to the operations
at the Air Route Traffic Con-
trol Center, the Airport Traf-

fic Control Towers, and the
Terminal Radar Approach Con-
trol facilities. This in-
cludes a description of con-
trolled airspace, airway fa-
cilities, navigation aids,
surveillance systems, air
route structures, separation
standards, and advisory ser-
vices.

2.1 SUMMARY AIR TRAFFIC CON
TROL SYSTEM DESCRIPTION

The National Airspace Sys-
tem (NAS) encompasses the com-
mon network of U.S. airspace;
air navigation facilities,
equipment, and services; air-
ports or landing areas; aero-
nautical charts, information,
and services; rules, regula-
tions, and procedures; tech-
nical information, manpower,
and material. Included in the
NAS are system components
shared jointly with the mili-
tary.

Within the NAS is a ser-
vice that promotes the safe,
orderly, and expeditious flow
of air traffic (including air-
port, approach, and en route
air traffic control). This
organized system of service is
called Air Traffic Control
(ATC). The ATC system incor-
porates a combination of con-
trol equipment, techniques,
procedures, and skills that
have evolved over 40 years.
This evolution has produced a
mixture of equipment of many

2-1

technologies, and types.
It is the safest, most effi-
cient system in the world but
it is very expensive to oper-
ate and maintain, expansion
capability is limited, and
adaptability is difficult.

ages,

Figure 2-1 provides an
overview description of the
operating elements of today's

ATC system. As shown in the
figure, the primary manned
operational elements include

the Air Route Traffic Control

Center (ARTCC), the Airport
Traffic Control Tower (ATCT)
Terminal Radar Approach Con-
trol (TRACON), and Terminal
Radar Approach Control in the
Tower Cab (TRACAB). Note that

this figure does not show non-
radar approach control facili-
ties; however, these are ad-
dressed later in this chapter.

The surveillance
are composed of airport sur-
veillance and long range ra-
dars and common digitizers
which provide digital input
into the air traffic computer
systems. The en route compu-
ter system "is referred to as
NAS Stage A and provides auto-
mated tools to the controllers
in the form of radar data dis-
plays and printed flight pro-
gress strips. The terminal
computer systems are either
Automated Radar Terminal Sys-
tem (ARTS) II or ARTS III.
The ARTS provides for aircraft

systems

identification, tracking, and
associated data display. Fa-
cilities are interconnected

either by the National Commun-
ications (NATCOM) facility or
by local Telecommunications
interfaces. Pilots and con-
trollers communicate through
air/ground radio frequencies.

« S
¥




2.2 HISTORY OF AIR TRAFFIC
CONTROL

2.2.1 Airway Radio Stations -

First Center Towers

The earliest form of Air
Traffic Control was the Airway
Radio Station, which was later
redesignated in 1938 as the
Airway Communications Station,
These early stations were nor-
mally used to communicate wea-
ther observations. The radio
was shared by other government
agencies such as the Depart-
ment of Agriculture which re-
ported on crop marketing. The
stations were later called
(INSACs) for Interstate Airway
Communications which grew into
the FSS facilities.

The first three en route
ARTCCs were established by the
airlines and were taken over
in 1936 by the Bureau of Air
Commerce. The number of cen-
ters grew to 29 before being
consolidated into 20 contin-
ental U.S. and 3 offshore
ARTCCs. Also, by the late
1930's at least 20 cities had
established airport traffic
control towers equipped with
light guns for signalling and
low powered radios. By 1941
the Civil Aeronautics Author-
ity started taking over the
towers. All three facility
types which had their start as
the experimental Airway Radio
Station were now governed by
the Civil Aeronautics Admini-
stration.

2,2,2 Results of Grand Canyon

Crash

For many years air traffic
controllers provided separa-
tion of en route air traffic
by communicating with the pi-
lot through a third party,

either an airline company or
an agency communication sta-
tion. There was heavy depend-
ence on visual separation or
separation using low frequency
airways.

A significant growth in
the number of controllers, use
of remote air/ground communi-~
cations, and use of radar be-
gan after the collision of two
airliners over the Grand Can-
yon in the late 1950's. Soon
controllers were working with
long range radar, direct pilot
contact, and Very High Fre-
quency Omni-directional Range
(VOR) navigational aids. These
improvements in the system,
along with increased control-
ler productivity, and the in-
troduction of air carrier jet
aircraft led to the establish-
ment of the Positive Control
Area, initially at 24,000
feet. The conceot of the po-
sitive control zpreg 1S to ex-
ercise control and insure sep-
aration of all air traffic at
or above 18,000 feet (flight
level 180).

2.2.3 First Automatinn Efforts
- 19607s

By the early 1960's the
agency began efforts to apply
automation techniques to its
flight data processing sys-
tems. By using UNIVAC and IBM
equipment in six centers in
the Northeast and later the
UNIVAC ARTS at Atlanta Tower,
the agency established that
computers could be used to
improve safety and increase
the productivity of control-
lers. The computers used in
the centers produced flight
progress strips that required
support by flight data per-
sonnel, The initial systems
did not have any wupdating
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capability. The early ARTS
featured a radar tracking
system which was very depen-
dent upon controller keyboard
entries,

In 1968 a plan to automate
many of the functions of the
en route air traffic control
system was approved. The sys-
tem was called NAS Stage A,
which contained several models
for staged implementation. The
first model was tested at
Jacksonville ARTCC. This sys-
tem was an important develop-
ment, but was not implemented
nationally. A National Air
Traffic Automation Coordinat-
ing (NATAC) Committee, com-
prised of air traffic facility
data systems specialists (who
were former journeyman con-
trollers) and air traffic
headquarters specialists, was
formed to assist the contrac-
tor in defining air traffic
requirements and specifica-
tions. This led to the suc-
cessful merging of the flight
data processing (FDP) and
radar data processing (RDP) in
subsequent models of NAS Stage
A. By 1973 all centers had
implemented flight data pro-
cessing programs and by 1975
the centers were operational
with the radar data processing
computer program.

Automation in the terminal
facilities was accomplished by
implementing the ARTS III at
63 large to medium facilities
between 1971 and 1975. This
system proved to be so suc-
cessful that another contract
was awarded to automate radar
functions in an additional 87
medium size terminals by the
late 1970's. This system is
known as the ARTS 11 and dif-
fers from the ARTS III in that
ARTS 1II1 predicts and tracks

aircraft while ARTS II dis-
plays the reported aircraft
position and does not predict/
track the aircraft position.
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2.3 AIRSPACE
ROUTE STRUCTURE

CATEGORIES AND

This section describes the
concept of controlled airspace
and the airway route struc-
ture. This is descriptive of
the current operational envi-
ronment . Note that many de-
tails are described in figures
and tables in this section.

2.3.1 Controlled Airspace

The controlled airspace
over the United States con-
sists of areas designated as
Continental Control Area,
Control Areas, Control Zones,
Terminal Control Areas, Posi-
tive Control Area, and Trans-
ition Areas. When an area is
designated as a controlled
area, it is supported by air
traffic control services, com-
munications, and navigational
aids. All other areas are
designated as uncontrolled
airspace. Air Traffic Control
has neither the authority nor
the legal responsibility for
exercising control over air
traffic in uncontrolled air-
space. See Figure 2-2 for the
various types of airspace and
Table 2-1 for a description of
controlled airspace categor-
ies.

2.3.2 Route Structure

Airway navigation today
still uses the low (victor)
airways and the high (jet)
airways that were established
in the 1960's. The use of
Area Navigation routes (RNAV)
is minimal. The accuracy of
the navigation systems and the
capability of aircraft to

accurately navigate on the
prescribed routes and landing
systems are a major factor in
any future consideration to

)

reduce separation standards.

2.3.2.1 Low Altitude Airways

Normally, the low altitude
airways are designated from
1,200 feet above ground level
up to 17,999 feet. The azi-
muth feature of the VORs and
VORTACs is used in the esta-
blishment of the route struc-
ture. The VOR, '"V" or Victor,
airways are even numbered
east/west and odd numbered
north/south. The "V" is fol-
lowed by a discrete number to
form a specific airway, e.g.,
V2, V137, etc. Normally, the
lateral limits are up to 4
nautical miles on either side
of the center line. See Figure
2-3 which depicts in chart
form a low altitude airway.

2.3.2.2 Jet Routes

The high altitude or jet
airways are designated at or
above 18,000 feet. The azi-
muth feature of the very high
frequency Omni-directional
Range/Tactical Air Navigation
(VORTACs) 1is wused for the
establishment of the jet route
structure. The "J" airways
are also even numbered east/
west and odd numbered north/
south. The "J" is followed by
a discrete number to form a
specific airway, e.g., J60,
J102, etc., as is seen in
Figure 2-4,

2.3.2.3 Standard Instrument
Departure (SID)/ Stan-
dard Terminal Arrival

(STAR)
Certain airports may have
special published terminal
routes. The SID/STAR is an

ATC coded departure/arrival
procedure which is established
at airports to simplify clear-
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TABLE 2-1. DEFINITION OF AIRSPACE CATEGORIES

Continental Control Area

Control Areas

Control Zones (C2Z)

Terminal Control Areas (TCA)

Positive Control Area

2-7

The continental Control
Area consists of airspace
above 14,500 feet, or
1,500 feet above surfaces
higher than 14,500 feet,
of the 48 contiguous
states and part of Alaska.

Control Areas include the
airspace associated with
all federal airways.

Control Zones extend from
the surface up to the Con-
tinental Control Area and
include one or more air-
ports. The control zone
is normally a circular
area within a 5 mile radi-
us and may include an ex-
tension necessary for an
instrument approach or de-
parture.

Terminal Control Areas are
controlled airspace which
require all aircraft to
comply with special oper-
ating rules and equipment
requirements. The air-
space extends from the
surface to specified alti-
tudes in the TCA. The
lateral limits of the TCA
are based on distance from
the primary airport, and
vary with altitude, often
giving the appearance of
an upside down wedding
cake.

Positive Control Area is
designated in the 48 con-
tiguous states and parts
of Alaska as airspace
within which all aircraft
are subject to operating
requirements.

TSV,
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TABLE 2-1 DEFINITION OF AIRSPACE CATEGORIES (Cont'd)

Transition Areas Transition Areas are de-
signed to contain IFR
operations in controlled
airspace transitioning the
terminal and en route en- :
vironment. These airspace
designations extend from
700 feet, in conjunction
with an instrument ap-
proach or 1,200 feet in
conjunction with an air-
way, upward to the base of
the overlying controlled
airspace.

Special Use Areas In addition to controlled
airspace are several spe-
cial wuse areas. These
areas are Prohibited Areas
and Restricted Areas. Pro-
hibited Areas are defined
as areas where aircraft
flights are prohibited.
Restricted Areas are not
wholly prohibited but may
only be entered with au-
thorization from the con-
trolling agency. Other
special use areas, such as
Military Operations Areas,
(MOAg), can be transmitted
without an ATC clearance
if operating under VFR or
with a clearance if opera-
ting under 1FR.

2-8
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ances. SID/STAR routes are
important tools at major air-
ports for flights transition-
ing from/to the terminal/en
route environment. See Figure
2-5 for an example of a SID
and Figure 2.6 for an example
of a STAR.

2.3.2.4 Holding Patterns

Normally, whenever a
delay is required for an air-
borne aircraft, the controller
may elect to clear the air-
craft to hold at a fix where
the aircraft will enter a
holding pattern. The most
commonly used holding patterns
are depicted on en route and

STAR charts. Otherwise, the
controller will issue the
holding fix; direction of

holding to or from the fix;
and direction and duration of
turns, See Figure 2-7 for
example of a hold at a fix,
One of the uses of a holding
pattern is to hold aircraft at
common points in proximity to
an airport awaiting weather
improvements. Aircraft are
held in a stack, separated by
altitude as shown in Figure
2-8, Holds also may be used
for delaying en route aircraft
to help regulate the flow of
traffic.

2.3.2.5 Area Navigation (RNAV)

and Other Systems

Area navigation (RNAV)
routes have been designated
which allow properly equipped
aircraft to fly directly from
point to point without direct-
ly navigating toward or away
from a navigational aid. These
direct routes use waypoints
which are defined as bearing/
distance fixes from specified
navaids.

Omega is a network of ele-
ven transmitting stations
located throughout the world
to provide signal coverage.
These stations transmit a Very
Low Frequency (VLF) signal
which can be received at a
distance of over one thousand
miles,

Long Range Navigation
(LORAN) is a navigation system
by which hyperbolic lines of
position are determined by
measuring the difference in
the time of reception of syn-

chronized pulse signals from
two fixed transmitters. A
later version of LORAN, LORAN

-C, is used in offshore areas
where VOR/VORTAC is not avail-~
able.

':i.'.‘x_- 4
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Holding pattern airspace protection is based on the following procedures. They are the only procedures for entry and

holding recommended by FAA.
(1) Descriptive Terms

Au|m
) HOLDING SIDE
— OUTBOUN
FIX END : outsouno ™D °
RECWPROCAL INSOUND
FIX | NON HOLDING SIDE HOLDING

[ COURSE

{a) Standard Pattern : Right turas (ilustrated)
(b) Nonstandard Pattern : Left turns
(2) Airspeeds (msximum)

(@) Propeller-driven —emmemeeee e

{b} Civil turbojet

1. MHA through 6.000 feet --------eneemmmmmmmmmmmmeinnn
2. Above 6,000 feet through 14,000 feet eemmemeeaemeeseemeeensoasesesamesnnnas

3. AbOve 14,000 feel ---ce-emmmrmimmmammeecereemrnnrann e aenanns -

Figure 2-7 Holding Fix
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Figure 2-8 Holding Stack
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2.4 NAVIGATION AND SURVEIL-
LANCE FACILITIES

The ground-to-air system
comprises navigation and sur-
veillance facilities. Naviga-
tional facilities provide
guidance to aircraft. Sur-
veillance facilities consist
of remote sensors for ARTCCs,
ATCTs, and TRACONs.

2.4.1 Navigation Capabilities

The present civil en route
navigation system consists of
VHF omni-ranges (VOR), a radio
station that provides point-
to-point azimuth guidance.
Distance information 1is ob-
tained from distance measuring
equipment (DME). Military
aircraft use a UHF tactical
air navigation system (TACAN)
for azimuth guidance. Air
routes may be thought of as
line segments connecting the
various navigation facilities.

The disadvantage of air
route navigation is the lack
of flexibility 1in routing.
Aircraft equipped with area
navigation can select direct
routes within coverage of the
ground stations. However,
area navigation is limited in
the present system due to the
cost of avionics and limita-
tions of the air traffic sys-
tem's ability to handle air-
craft flying outside the route
structure. The non-direction-
al beacon is a lower cost,
lower capability alternative
to the VOR station and is used
where there is no VOR cover-
age. Beacons are used for
en route guidance and fixes as
well as part of landing sys-
tems. See Table 2-2 for de-
scription of en route Naviga-
tional Aids (NAVAIDs).

The present airport pre-
cision approach and 1landing
system is the Instrument Land-
ing System (ILS). See Figure
2-9 which describes the compo-
nents of ILS. A precision ap-
proach uses both azimuth and
elevation guidance from a
ground facility as well as
marker beacons and compass lo-
cators which enable equipped
aircraft to fly by instruments
along the approach path to the
runway. Non-precision ap-
proach with azimuth guidance
only is available at many air-
ports using the localizer por-
tion of an ILS, VOR, or bea-
con. There are other approach
aids at airports that are bas-
ed on visual reference to
lighting systems.

The Microwave Landing Sys-
tem (MLS) is currently under
engineering development and
will augment and then event-
ually replace the ILS.

The direction finder (DF)
is used to guide lost aircraft
and for other emergencies.
The aircraft's bearing is de-
termined on- the ground by us-
ing radio transmissions from
the aircraft. The guidance
information is then transmit-
ted to the aircraft on a voice
channel. The majority of the
present DF systems are located
at flight service stations,.

2.4,2 Surveillance Capabili-
‘tiles

Surveillance of the air-
space is provided by two types
of radar: primary radar and
the radar beacon system, some-
times known as secondary ra-
dar. They are generally lo-
cated at the same site. Pri-
mary radar relies only on




N

TABLE 2-2 EN ROUTE NAVIGATION AIDS

Beacon The Nondirectional Radio Beacon
(NDB) transmits nondirectional sig-
nals that give relative bearing
information to a station. When a
radio beacon is used in conjunction
with the Instrument Landing System
(normally at the outer marker) it is
a Compass Locator.

VHF Omni-Directional The VHF Omni-Directional Range (VOR)
Range (VOR) provides a 360 degree signal for
navigation. The accuracy of the VOR
is excellent and it is generally
within one degree of the course
alignment. The VOR is one of the
two mainstays of the airway struc-

ture.
Tactical Air Naviga- The Tactical Air Navigation (TACAN),
tion (TACAN) which is peculiar to military opera-

tions, transmits an Ultra High Fre-
quency signal of both azimuth and
distance information. It does not
operate through conventional VOR
equipment.

, VHF Omni-Directional The VHF Omni-Directional Range/Tac-
/ Range/Tactical Air tical Air Navigation (VORTAC) con-

Navigat1on (VORTAC) sists of two components, VOR and
TACAN. The VORTAC provides VOR
azimuth, TACAN azimuth, and TACAN
distance. It operates on more than
one antenna system and incorporates
more than one frequency but it is
considered to be one navigational
aid. The VORTAC is the other main-
stay of the ATC airway route struc-
ture.

Distance Measurin The DME provides the distance signal
Equipment (DME) at VOR. DME can also be used in an
Instrument Landing System installa-
tion.
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signals reflected from air-
craft and also from weather.
The beacon system receives
reply signals transmitted from
airborne electronic equipment
called transponders. On air-
craft equipped with altitude

encoders, the transponder
automatically transmits the
plane's altitude. The beacon

system is presently the main
source of surveillance infor-
mation used for air traffic
control. Primary radar sup-
plements beacon and gives
weather information.

There are two types of
primary radars. The en route
system consists of long-range
radar, while airport terminal
radars are of shorter range.
The long-range radar is called
the Air Route Surveillance
Radar (ARSR). The coverage
normally extends out 200
miles. In some instances the
ARSR enables a center to pro-
vide arrival/departure radar
service. The Airport Surveil-
lance Radars (ASR) provide
coverage out to a maximum
radius of 60 miles. There are
some areas where long-range
radars do not overlap. This
occurs more frequently in the
western and remote areas of
the U.S. Also, mountain
ranges may block radar signals
from the valleys on the far
side of the mountains.
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2.5 AIR TRAFFIC SEPARATION/
CONTROL PHILOSOPHY

ATC is a service provided
by the FAA to promote the
safe, orderly, and expeditious
flow of air traffic. This sec-
tion describes the concepts
and philosophy underlying ATC.

The essence of ATC is the
application of approved sepa-
ration standards as found in
FAA Order 7110.65, Air Traffic
Control. This order prescrib-
es the ATC procedure and
phraseology in providing ATC
services. Oceanic separation
standards are contained in FAA
Order 7110.83, Oceanic Air
Traffic Control.

This section is structured
to provide the reader with a
description of flight rules
followed by a summary of sepa-
ration standards. Finally,
this section 1is also devoted
to discussing techniques em-
ployed by the controller to
maintain separation.

2.5.1 Flight Rules

Instrument Flight Rules
(IFR) pgovern the procedures
for conducting instrument
flight. General ceiling and
visibility conditions for
Instrument Meteorologic Con-~
ditions (IMC) apply. Visual
Flight Rules (VFR) govern the
procedures for conducting vis-
ual flight. The term VFR is
also used to indicate Visual
Meteorologic Conditions (VMC)
weather conditions. Before
flying, pilots must determine
from weather briefings or the
airspace within which they
will be flying as to whether
they will be operating under
VFR or IFR flight rules. A
pilot may file IFR in VFR con-

2-20

ditions. There are many sub-
sets of VFR operation.

If operating wunder IFR,
the pilot is provided separa-
tion from other aircraft oper-
ating 1IFR, He 1is provided
separation from special wuse
airspace and given advisories
on weather and other pheno-
menon. If operating under
VFR, the pilot may request and
be provided with air traffic
and weather advisory services,
depending on controller work-
load.

2.5.1.1 Flight Plan Filing

For all IFR and certain
VFR flights, the pilot intro-
duces his aircraft into the
ATC system by filing a flight
plan. Normally, the flight
plan is forwarded to the Air
Route Traffic Control Center,
since the center is the pivot-
al facility for almost all IFR
flight plans, even those
flights that proceed under
tower en route control. The
reason for this is that the
center assigns a discrete bea-
con code, transmits the appro-
priate flight progress strips
to Flight Data Entry and
Printout (FDEP) equipment lo-
cated at terminal facilities,
and transmits ARTS interface
messages. This is done auto-
matically, thus reducing manu-
al input by controllers at the
various facilities.

Military Base Operations

(BASOPS) receive en route
flight plans from pilots and
transmit them directly into

the en route center's computer
via Teletype. After the com-
puter has processed the flight
plan, it is transmitted to the
controllers in the form of
flight progress strips. Local




training mission flight plans
may be prefiled in a center's
computer system.

General aviation pilots nor-
mally file their flight plans,
if needed, through the local
FSS for Teletype transmission
to a center's computer. Tow-
ers, on occasion, may accept
flight plans for entry into
the system.

Flight plans for many air
carrier operations are fre-
quently prefiled in a center's
computer via the Stored Flight
Plan (SFP) program. Another
common method 1is to transmit
the flight plans from the air
carrier's operation room di-
rectly into the ARTCC computer
via Teletype. A less fre-
quently used method is the air
carrier calling the center or
the local FSS for relay to the
center.

2.5.1.2 Flight Plan Clearance

Request/Delivery

After the pilot has com-
pleted his ground check and is
ready for IFR flight, he will
regquest a clearance from the
tower, if appropriate. In
some instances where there is
neither a tower nor FSS, the
pilot may communicate directly
with the center or TRACON via
air/ground frequency, or the
pilot may take off VFR and
contact the center for a
clearance.

Separation is assured by
the issuance of controller
instructions and ATC clear-
ances. A clearance is a tac-
tical action by the controller
to prevent collision between
known aircraft and is also
authorization to proceed under
specified traffic conditions
within controlled airspace.
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Clearance items may in-
clude:

a. aircraft identification
or call sign

b. clearance limit

c. route of flight, includ-
ing special procedures

d. altitude data in the or-
der flown

e. holding instructions
f. radar heading

g. beacon code and transpon-
der data

h. frequency or communica-
tion data

i. speed

j. release data and restric-
tions

At an airport with a tow-
er, the clearance will be ei-
ther pre-coordinated between
the center and the tower in a
Letter of Agreement or the
tower will request a clearance
from the appropriate sector
within the center. The tower
will generate a clearance for
aircraft remaining in the
terminal area. The clearance
is normally to the destination
airport and 1is subsequently
issued to the pilot via the
terminal <clearance delivery
position. Prior to the issu-
ance of a clearance the center
controller will examine the
departure flight progress
strip, with emphasis on the
requested altitude and route.
The center controller will
then issue <clearances with
additional instructions to
insure separation from other




aircraft. The terminal con-
troller will add any necessary
restrictions to clear traffic
in the terminal area.

The flight plan which was
in an inactive or proposed
status becomes active once the
aircraft is airborne. The de-
parture time is inserted into
the en route computer system
by either the terminal com-
puter, the terminal FDEP
equipment, or a controller
keyboard entry into the en
route computer system. The en
route computer system will
automatically post flight pro-
gress strips at a specified
time prior to the calculated
time over each fix (naviga-
tional aid or airway inter-
section). The computer will
also forward the flight plan
data prior to the aircraft's
arrival at the next adjacent
center or at a specific time.

2.5.1.3 Flight Plan Amendments

The pilot may request to
amend his flight plan at any
time, active or inactive. 1If
the flight is still inactive,
an amendment message will be
entered into the computer sys-
tem by the FDEP terminal or
the center sector. If a route
change will conflict with pre-
scribed preferential routes
(routes that have been pre-
established for predominant
traffic), the amendment may be
rejected. Otherwise, new data
will be stored in the comput-
er. If the flight is active,
coordination between control-
lers or facilities may be re-
quired tefore the change is
approved and entered into the
system. Once entered, the
amended data replaces the ori-
ginal data for all subsequent
interfaces. Amended data are
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produced for all facilitiex
and controllers that hal
already received the origina’
flight plan data.

2.5.2 Separation: The Essence
of Air Trafftic Control

Separation is provided by
establishing approved longitu-
dinal, lateral, or wvertica!
distance between aircrare .
Longitudinal separation is the
spacing of aircraft at the
same altitude by a minin .-
distance expressed in units ¢
time or miles, Lateral se;.-
ration is the spacing of air-
craft at the same altitude by
requiring operation on a 1i{-
ferent route or in a different
geographical location. Verti-
cal separation is establishe!
by assignment of differen~
altitudes or flight levels.
The following separation mini-
ma apply to domestic and not
oceanic control.

2.5.2.1 Longitudinal Separ.a-

tion

Longitudinal non-radar
separation is established bv
using minimum distance, time,
speed, or combination nf
items. The most common appli-
cation of longitudinal separa-
tion is 10 minutes Dbetween
aircrafct.

The following are other
examples of longitudinal sepa-
ration, with some of the sepa-
ration conditions omitted for
brevity:

a. 5 miles using DME or 3
minutes when the leading
aircraft is 44 knots
faster,

b. 10 miles using DME or 5
minutes when the leading




aircraft is 22 knots

faster.

c. 10 miles using DME or 5
minutes when the leading
aircraft is descending or
the following aircraft is
climbing.

d. 20 miles between aircraft
using DME.

2.5.2.2 Lateral Separation

Lateral, non-radar separa-
tion is established by route
structures, with protected
airspace that does not over-
lap, to keep rircraft at a
particular altitude on differ-
ent routes,

Lateral separation is es-
tablished by one of the fol-
lowing methods:

a. Clear aircraft on differ-
ent airways or routes
whose widths or protected
airspace do not overlap.

b. Clear aircraft below
18,000 to proceed to and
report over or hold at
different geographical
!"cations determined vis-

ually or by reference to
navigational aids.

c. Clear aircraft to hold
over different fixes
whose holding pattern
airspace areas do not
overlap each other or
other airspace to be

protected.

d. Clear departing aircraft
to fly specified headings
which diverge by at least
45 degrees.

0

Vertical separation is es-
teblished by assigning 1,000
feet between aircraft up to
and including 29,000 feet
(flight level 290). Above FL
290 2,000 feet separation is
required. A special VFR
flight may be separated from
an IFR flight by requiring the
VFR flight to maintain special
VFR conditions at or below 500
feet from the IFR flight.
Vertical separation of 500
feet is allowed for VFR air-
craft operating in TCA air-
space.

2.5.2.4 Radar Separation

Radar separation may be
applied between aircraft by
establishing at least a 3 mile
separation between identified
aircraft when they are less
than 18,000 feet and fewer
than 40 miles from the anten-
na. However, 5 mile separa-
tion may be required by a
facility directive if multiple
radar sites are adapted in the
computer for a specific area.
Five miles separation is re-
quired if the aircraft are at
or above 18,000 feet, or if 40
or more miles from the anten-

na. If the aircraft is at or
above 60,000 feet (flight
level 600), then a 10 mile

These
in FAA
Traffic

separation is required.
minima are specified
order 7110.65, Air
Control.

Radar separation may be
reduced for aircraft departing
from the same airport, depend-
ing on the runway alignment
and direction flown after de-
parture. As an example, radar
separation may be one mile if
aircraft are departing the
same runway, or parallel run-

2.5.2.3 Vertical Separation ways less than 2,500 feet
apart, if the aircraft courses
2-23
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diverge
parture.

immediately after de-

When non-radar separation
standards are used, greater
emphasis is placed upon the
pre-planning of separation
activity since the distances
required for longitudinal sep-
aration are much greater than

normal radar separation. The
aircraft's progress is main-
tained by position reports

forwarded by the pilot and
marked on the flight progress
strip by the controller.

2.5.2.5 Adjacent Airspace

Aircraft are to be separ-
ated or provided a buffer from
adjacent airspace unless coor-
dinated. Dependent on the
distance from the antenna, 3
mile separation 1is normally
required in the terminal area
and 5 miles is normally re-
quired in the en route envi-
ronment. This also applies to
tracking aircraft to the edge
of the radar display. See
Table 2-3 for a listing of
separation standards. Note
that this table is mapped to
7110.65 paragraphs. This list
is not intended to be all in-
clusive. See Order 7110.65
for specific details.

2,.5.3 Separation Techniques

2.5.3.1

Airspace Separation

Technigues

Just as vehicular traffic
moves on one way streets,
major airways sometimes are
structured for one way traffic
flow, especially in major air-
port areas. Departing air-
craft are normally tunnelled
under arriving aircraft on one
way departure routes, through
the low altitude center sec-
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tors, onto high altitude jet
routes, if appropriate. This
is illustrated in Figure 2-10.

Major airport areas have
identified SID and STAR routes
which are published for pilot/
controller use in transition-
ing from the terminal/en route
air route structures. In ad-
dition, the NAS Stage A soft-
ware employs logic to provide
Preferential Departure/Arrival
Routes (PDARs).

Through the wuse of the
the rtoute structure, aircraft
in opposite direction are
separated laterally, e.g., on
different airways whose air-
space does not overlap, while
aircraft in the same direction
are separated vertically (al-

titude) or longitudinally by
time or distance. Altitude
assignments are made Dbased
upon the direction of the
flight. See Figure 2-11 for
an ATC altitude assignment.
Considerable thought is

given to the airspace defini-
tion of a control sector or
position. By proper pre-plan-
ning and alignment, coordina-
tion can be reduced and the
traffic flow expedited. This
is especially true in terminal
transition areas,

2.5.3.2 Controller Techniques

There are a variety of
techniques available to the
controller. Some are taught
in training classes, in on-
the-job training sessions, or
learned from experience. The
common separation techniques
involve speed control, holding
or 360 degree turns, and radar
vectors including "S" turns.

Speed control is a valu-




A TABLE 2-3. SUMMARY OF SEPARATION STANDARDS

* SEPARATION BY TIME

7110.65 ;
SEPARATION PARAGRAPH i
(MINUTES) AIRCRAFT REMARKS REFERENCES f
Simultaneous X Parallel departure 3500 ft. 340
Simultaneous X Diverging departure/
diverging runways 340
1 X Diverging departures 340
2 X Diverging departures 340
2 X Landing behind departing 1425/
heavy 1426
1427/
1428
3 X 44 knots lead A/C, DME/RNAV 271
3 X Departing climbing above
lead 341
3 X Arriving/Departing 345
3 X CAT 1/11 behind CAT IlI 1112/
111
3 X Landing/Takeoff heavy jet 1402/
1404
3 X Small behind heavy 1425
5 X 22 knots lead A/C, DME/RNAV 271
5 X Lead descending/following
climbing 271
5 X Arriving/departing 345
: 10 X Standard 272

AIRSPACE: not applicable

* See Order 7110.83 for Oceanic Separation




TABLE 2-3, SUMMARY OF SEPARATION STANDARDS (Cont'd)

SEPARATION BY ALTITUDE

ALTITUDE

(FEET) AIRCRAFT AIRSPACE REMARKS

500 X Special VFR below IFR
500 X Below FL 290

500 X Above surface

500 X Special IFR below IFR
500 X Stage I11/1FR
1,000 X FL 290 & above
1,000 X Below FL 290
1,000 X Above highest obstacle
2,000 X FL 290 & above

(See Special Military Operations above FL600.)
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PARA.

474
224
474/
481
481
1282
224
222
474/
481
222

-‘i'."_,! )




TABLE 2-3, SUMMARY OF SEPARATION STANDARDS (Cont'd)

SEPARATION BY DISTANCE

SEPARATION '
MILES ATRCRAFT AIRSPACE REMARKS PARA. |
Runway X (Radar) parallel/ {
diverging runways, 744/
arrival/departure 798
Runway X CAT I/II/I11 1110/
departures 1120
Runway X X Helicopter 1130
1/2 X Helicopter/fixed wing 1141
1 X Radar diverging
departures 742
1 X Helicopter 1141
1 1/2 X Radar less than 40
mile/antenna 750
1 1/2 X Helicopter 1141
1 1/2 X Helicopter/CAT 1/11 1282
11/2 X CAT 1/11 VFR/IFR 1282
11/2 X Parallel CAT II1 VFR/
IFR 1282
2 X Radar departing/
arriving 743
2 X Helicopter & fixed wing 1141
2 X Radar adjacent courses
ILS 797
2 1/2 X Radar 40 miles or more
from antennas 750
. 3 X Diverging departures 340
: 3 X X Radar less than 40 740/
mile/antenna(broadband) ;51/
57
3 X Radar narrowband, below
. FL180 within 40 mile/
: antenna 740
R 3 X Radar less than 40
mile/antenna 750
3 X Radar, special use
airspace 750
3 X Radar, arrival, turn 797/
on final 798
4 X Arriving/departing 345
4 X Radar, heavy behind
heavy 1420

¢
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TABLE 2-3, SUMMARY OF SEPARATION STANDARDS (Cont'd)

SEPARATION BY DISTANCE (Cont'd)

R

MILES AIRCRAFT AIRSPACE REMARKS PARA.
4 X Radar, small behind
large 1420
4 X Either side of route,
Below FL180 281
4 X Within 51 miles of
NAVAID 281
4 X RNAV route 8 mile or
less 284
5 X 44 knot lead DME/RNAV 271
5 X DME arc 35 mile or
less/NAVAID 283
5 X Departure climbing
above lead 341
5 X X Radar, broadband 40 740/
miles or more from 751/
antenna 757
5 X X Radar, narrowband, 740/
FL180/600 751/
757
5 X Radar, above FL600 750
5 X Radar, 40 miles or
more/antenna 750
5 X Radar, small/large
behind heavy 1420
/ 6 X Radar, edge of scope
within 40 miles 720
6 X Radar, special use air-
space above FL 600 750
6 X Radar, small behind
heavy 1420
9 X RNAV route, expanded,
less than 130 miles 284
10 X 51 to 130 miles of

NAVAID 281




TABLE 2-3,. SUMMARY O SEPARATION STANDARDS (Cont'd)

SEPARATION BY DISTANCE (Cont'd)
;
MILES AIRCRAFT AIRSPACE REMARKS PARA.
10 X Either side of route
FL180/600 281
10 X DME/RNAV, 750/
above FL600 751
10 X Radar, broadband, 40
miles or more, or nar-
row band, edge of scope 720
10 X DME arc 35 miles less
of NAVAID 283
10 X DME arc 35 miles or
more from NAVAID 283
14 X FL180-230 course change 281
15 X RNAV route more than
130 miles 284
17 X FL230-600 course change 281
20 X DME /RNAV 271
20 X DME arc more than 35
miles NAVAID 283
28 X FL180-230 course change 281
30 X Only one has DME/RNAV 271
4 34 X FL230-600 course change 281
VISUAL SEPARATION
/
SEPARATION AIRCRAFT REMARKS PARA.
Visual X Visual separation & VFR 490
VFR-On-Top X IFR-VFR-On-Top 492
VFR X Simultaneous departure/ 1103/

arrival & departure/departure 1104
AIRSPACE: not applicable
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JACKSONVILLE INTL. AIRPORT, JACKSONVILLE, FLORIDA
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ON COURSE
AIRCRAFT OPERATING DEGREES MAGNETIC ASSIGN
BELOW 3,000 ft ABOVE ANY COURSE ANY ALTITUDE
SURFACE
BELOW FL 290 0 THROUGH 179 ODD CARDINAL ALTITUDES OF FLIGHT LEVELS
AT INTERVALS OF 2,000 t
180 THROUGH 359 EVEN CARDINAL ALTITUDES OR FLIGHT
LEVELS AT INTERVALS OF 2,000 ft
AT OR ABOVE FL 290 0 THROUGH 179 ODD CARDINAL FLIGHT LEVELS AT INTERVALS
OF 4,000 t BEGINNING WITH FL 290
180 THROUGH 359 ODD CARDINAL FLIGHT LEVELS AT INTERVALS
OF 4,000 11 BEGINNING WITH FL 310

Figure 2-11 ATC Altitude Assignment
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able technique, especially
appreciated by those concerned
about air traffic efficiency.

Speed control is frequently
used in en route longitudinal
separation by reducing the

speed of overtaking aircraft.
It is common in transition
areas and used extensively by
feeder and final approach con-
trollers.

The holding of aircraft in
a holding pattern is frequent-
ly used when extensive delays
are rtequired, either due to
weather or traffic congestion,
In transition areas for land-
ing aircraft the leading air-
craft descends to the lowest
available altitude and sub-
sequent aircraft are stacked
at higher altitudes. En route
aircraft are held at various
holding points with longitu-
dinal separation between
crossing airways or other
holding points. Unless land-
ing is imminent, it often is
more fuel efficient to hold
aircraft at high altitudes,
though other reasons may at
times suggest the use of ano-
ther holding technique. In
most holding situations a fur-
ther clearance time is issued
to the pilot. If a short de-
lay is necessary, a 360 degree
turn may be used.

The most common separation
technique wused for aircraft
climbing/descending and air-
craft in transition areas is
the radar vector. It is used
extensively for aircraft in-
trail. It is used until ei-
ther longitudinal, lateral, or
vertical separation exists be-
tween aircraft. Radar vectors

are frequently used to expe-
dite traffic to/from airways
and to assist the pilot in

navigation. The use of dif-
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ferent radars, radar tech-
niques and presentation, and
differing radar separation

standards will be a central

issue in establishing common
facilities, equipment, soft-
ware, and procedures in the

future Area Control Facility.

2.5.3.3 Non-Radar Control

Technigues

Greater emphasis is placed
upon planning activities to
effect separation in non-radar
situations. During busy traf-
fic periods, control becomes
more rigid, with less emphasis
than normal placed on pilot
requests and more emphasis
placed on maintaining a se-
quence or established flow of

traffic. The use of position
reporting, altitude vacating
reports, and increased strip

marking are tools used by the
controller to maintain the
"picture' or situation assess-
ment . Calculating and main-
taining an awareness of air-
craft ground speed Dbecomes
more important in en route
non-radar situations. The
controller will devote more
attention to the previous fix
and time, current fix and
time, and next reporting point

as contained in a progress
report than in radar situa-
tions. During busy periods

the use of holding patterns
for stacking in-bound aircraft
becomes more frequent. In
general, pilot/controller com-
munication must, of necessity,
increase to a large degree
since the pilot must constant-
ly relay position and altitude
information.

2.5.4 Advisory Services

Controllers provide addi-
tional services such as traf-




fic advisories, radar servi-
ces, and weather advisories,
to the extent possible, de-
pending on higher priority du-
ties.

2.5.4.1 Traffic Advisory

Traffic advisories are
normally issuved to all IFR,
and VFR aircraft on the con-
troller's frequency, when
their proximity may diminish
to less than separation mini-
ma. Aircraft may also be vec-
tored around weather or other
phenomenon  when requested,
These services are not option-
al on the part of the control-
ler, but rather are required,
when the work situation per-
mits.

Stage Il and Stage 111
procedures have been estab-
lished at many airports with
radar approach control., Stage
I1 provides radar sequencing
by adjusting the flow of ar-
riving VFR and IFR aircraft
into the airport traffic pat-
tern in a safe and orderly
manner . It also provides
radar traffic information to
departing VFR aircraft. Pilot
participation is urged but it
is not mandatory. Standard
radar separation 1is provided
for IFR, but not between VFR
aircraft or between VFR and
IFR aircraft.

Stage III service provides
separation and sequencing be-
tween all participating VFR
and all IFR aircraft. Pilot
participation is urged but is
not mandatory. Pilots operat-
ing VFR under Stage IIl must
maintain an assigned altitude/

heading. If an altitude is
not assigned, the pilot should
coordinate any altitude
change.

2.5.4.2 Other Services

Controllers solicit pilot
reports on weather informa-
tion. This includes reports
on strong frontal activity,
squall lines, thunderstorms,
icing, wind shear, and other
pertinent data. These data
are disseminated to all other
positions, facilities, and
aircraft as necessary.

Controllers provide advis-
ory services on other phenome-
non such as chaff, gliders,
hot air balloons, bird acti-
vity, parachutists, etc. To
the extent possible, radar
vectors are provided around
any element which is consid-
ered a safety hazard. Con-
trollers also provide radar
navigation.

Controllers provids spe-
cial VFR <clearances within
most control zones. An ATC
clearance must be obtained
prior to operating within a
control zone when the weather
is less than required for VFR
flight. A VFR pilot may re-
quest and be given a clearance
to enter, leave, or operate
within most control zones in
special VFR conditions, traf-
fic permitting, and provided
such flight will not delay IFR
operations.

2.5.4.3 Oceanic Services

Air Traffic Control serv-
ices are provided in accord-
ance with FAA Order 7110.83,
Oceanic Air Traffic Control.
In addition to air traffic
control, controllers provide
Flight Information Service and
Alerting Service. Flight In-
formation Service consists of
weather, change in the status
of navigation aids and air-
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ports, and information on ves-
sels in the area.

Alerting Service consists
of collecting information re-
garding aircraft emergencies,
forwarding that information to
an appropriate Rescue Coordi-
nation Center, and coordinat-
ing with other control facil-
ities.




2.6 AIR TRAFFIC CONTROL EN
ROUTE AND TERMINAL OPERA-
TIONS
Historically the control

of air traffic has been accom-
plished by terminal and en
route facilities. Although
the same operation is involved
in both, i.e., air traffic
separation, the equipment,
procedures, and training are
markedly different in each.
This is primarily due to the
character of aircraft movement
in the terminal area versus
the en route environment.

This section provides des-
criptions of en route and ter-

minal radar approach control
facilities, equipment, and
controller workstations. This

section concludes with a dis-
cussion of the automation aids
that are currently provided to
the controller.

2.6.1 Air Route Traffic Con-
trol Center (ARTCC) Op-

erations

Commercial airlines and
other aircraft flying wunder
instrument flight rules are
monitored by Air Route Traffic
Control Centers. These cen-
ters control an aircraft's
route of flight and altitude
while it is en route or be-
tween airports.

A typical center is re-
sponsible for more than
100,000 square miles of air-

space and hundreds of miles of
airways in the sky, which are
like electronic highways to
pilots. A center's geographic
area 1is wusually divided into
30 or more sectors, with a
team of controllers respons-
ible for each sector.
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There are 20 air
traffic control centers
continental United

route
in the
States.

There are five offshore cen-
ters located at Anchorage,
Honolulu, San Juan, Panama,
and Guam. By 1985, Panama,

Guam, and San Juan will be
decommissioned.

Another integral part of
the en route system is the
Central Flow Control Facility
(CFCF) in Washington, D.C.
Central flow control serves as
a focal point for evaluating
and approving traffic flow
redistribution, nationwide
management of  air traffic
flow, and providing authority
for initiating systemwide flow
control. Central flow control
relieves congestion at the
busiest airports. When asso-
ciated with the central alti-
tude reservation function
(CARF), it supports military
operations and provides coor-
dination of other activities
requiring airspace protection.

These en route centers
control all aircraft in the
United States operating undert
IFR and not under control of
military or other facilities.

They provide separation ser-
vices, traffic advisories, and
weather advisories. In addi-
tion, they track aircraft
operating under distress.

2.6.1.1 En Route Sector: Low-

est Allocation ol ATC

Responsibility

Within each center's con-
trol room there are specified
areas of operation or special-
ization. An area of operation
consists of a group of sectors
requiring the service of sev-
eral teams of specialists or
controllers.




The basic unit of airspace
in each en route area of oper-
ation is the sector. The sec-
tor is an airspace volume of
defined horizontal and verti-
cal dimensions for which a
controller, or group of con-
trollers, has air traffic con-
trol responsibility. Sectors
are classified as radar, non-
radar, or oceanic and can be
subclassified by altitude
strata; such as high altitude,
including ultra high altitude,
and low altitude. Both high
and low sectors can be further
categorized as overflight or
transition type sectors al-
though some sectors are in
both categories. See Table
2-4 for a description of sec-
tor type. Some sectors in-
volve only military operation-
al activities. The basic
operating area 1is called a
sector and is equipped with
flight progress boards, radar
Plan View Displays (PVDs),
interphone and radio communi-
cation panels, and automation

erage, equipment limit ' ione,
and airway alignments. AL -
cordinglyv, sectors are
to contain the longest . o<.-
ble segments of airwavs

conform to primary traf:.

flow.

Voo, .
Jd LT e

Center sectors are ror:o -
ally staffed with a "D" se.t
controller, or manual contr .-
ler, who is responsibie 1 .
maintaining the flight stri;
board, issuing cledarances over
the interphone, and pre-plan-
ning control activities:;
"R" radar controller or "Ib"
radio controller, who are
sponsible for issuing cleuar-
ances by air/ground communica-
tions: and an "A" devela;men-
tal controller, somet {res

T

called an assistant contro)-
ler. The "A'" controller 1.
serve two Or more sectors. Al

busy sectors "RH" radar hari-
off controllers or "C" cocrii-
nators mav be stafied. Duri--
light traffic situations -

relief periods the "D" ard "+°

input/output devices and dis- positions may be combinei. S
plays. See Figure 2-12 which Table 2-5 for position
shows a typical sector con- scriptions.
troller workstation.
There are manv posit:
Note the flight strip bays within the control rooar Wb
in Figure 2-16. Most flight provide support and  supero- ,
data, after being processed sion of control  activitics ‘
are currently displayed on Each tear of controlliers
paper strips torn from flight an immediate supervisar, o3
strip printers. This is a ed an Area  Supervisor, W ;
costly mechanical system re- normally oversees the g . )
quiring manual coordination ties of manv sectora.,  Tho ¢
and input by the air traffic tire control roorm je under i
controllers. supervision and managesess
a shift basis of an Arey My
The size and configuration ger. The "low tont- | ¢
of sectors are determined by position is responsit i,
traffic volume, traffic flow, coordinating the over il 0w
types of aircraft, location of traffic. Where T e
and activity of underlying for aircraf: enter oy &
terminals, special operations/ Defense ldentific a0 v
procedures, coordindation 1e- an Alrcratt Moocemeet :
quirements, rtadar/radio co:\- Information Servioe v
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Low

TABLE 2-4

SECTOR

Altitude

Arrival

Low

Altitude

Departure

Low

Altitude

En Route

Low

Altitude

Manual

Low

Altitude

Training

High Alt.itude En Route

High Altitude Training

Oceanic

Aircraft Movement and

Intormation Service

SECTOR TYPE DESCRIPTION

DESCRIPTION

Transitions Air Traffic De-
scending from High Altitude
or from Intermediate Alti-
tude into Rusy Approach Con-
trol Area.

Transitions Air Traffic
from Busy Approach Control
into Low or High Altitude
Fn Route Stratum.

Provides En Route Separation
Qutside of High Density Air-
port Areas. May Involve
Several Low to Medium Den-
sity Airports.

Same as Low Altitude En
Route Except Limited or No
Radar Coverage of Majority
of Area.

Predominately Involved with
Military Training Areas at
Low Altitudes Generally with
Low Performance Aircraft.

Provides En R..ze Separation
and Transitions Arrival/De-
parture Traffic into/out of
En Route Traffic Flow.

Predominately Involved with
Military Training Areas at
High Altitude, Generally
with High Performance Air-
craft.

Provides En Route Oceanic
Separation and Transitions
Air Traffic from/to Domes-
tic to Oceanic Control.

Coordinates the Identifica-
tion Information Service
of Aircraft with the Air
Force's Air befense Sites.
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TYPICAL SECTOR - T

RADAR MANUAL
CONTROLLER CONTROLLER

ASSISTANT
CONTROLLER

Figure 2-12 En Route Sector Controller Workstation




TABLE 2-5.

POSITION

Radar

Radio

Manual

Radar Handoff

Coordinator

Area Supervisor

Area Manager

Flow Control

Aircraft Move-
ment and Infor-
mation Service

Flight Data
Communications
Specialist

T

DESCRIPTION OF CENTER POSITIONS

SYMBOL

R

DR

RH

FC

AMIS

FDCS

DESCRIPTION
Provides separation of air
traffic by direct air/ground

radio frequencies and a radar
display.

Provides separation of air
traffic by direct air/ground
radio frequencies.

Maintains flight strip board
and separation of aircraft
through interphone communica-
tions.

Assists the radar controller in
tracking aircraft and provides
radar handoffs to adjacent
positions/facilities.

Coordinates the movement of
traffic between sectors. May
assist in vadar handoffs.

Supervises a team of control-
lers working specified posi-
tions.

Responsible for supervision and
management of the control room.

Coordinates the flow of traffic
by system, within the facility,
or with adjacent facilities.

Coordinates identification of
aircraft with the Air Force's
air defense sites,

Responsible for receiving and
entering Teletype messages.
Also responsible for making
computer entries and computer
corrections on flight plans.
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TABLE 2-5.

POSITION

Supervisory
Flight Data
Communications
Specialist

Weather Coor-
dinator

DESCRIPTION OF CENTER POSITIONS (Cont'd)

SYMBOL

SDCS

We

DESCRIPTION

Supervises FDCS.

Insures the collection and
dissemination of pertinent
weather data and controller
briefing.

X o y
PS. MR )




controller (M), is responsible
for coordinating identifica-
tion of aircraft with the Air

Force's NORAD air defense
sites. The flight data posi-
tions and Teletype positions

are staffed by Flight Data
Communications Specialists
(FDCS). They are supervised by
a Supervisory Flight Data Com-
munications Specialist (SDCS).
The FDCS is resvonsible for
reentering designated flight
plans which have not been
accepted by the computer. The
errors are generally logic
errors in the flight plan
route. The FDCS and Teletype
positions are also involved in
Teletype flight plan messages,
as well as weather data trans-
mitted via Teletype. The

Weather Coordinator (WC) in-
sures the collection and dis-
semination of pertinent wea-
ther data and controller
briefing. The WC receives
this data from the FSS, air-
lines, military base opera-
tions, and National Weather
Service.

2.6.1.2 Controller Workstation

Features

Figure 2-13 provides a
picture of the display equip-
ment which comprises the con-
troller workstation. The com-
ponents of the en route con-
troller workstation include
the PVD, Flight Strip Printer,
flight strip progress boards,
computer readout displays
(CRD), and other interaction
(input/output) devices such as
a trackball, quick action
keys, and keyboard.

The PVD is a digital pre-
sentation of tracked and un-
tracked targets, background
maps, tabular and status

lists, and weather display.

Figure 2-14 provides a sample
PVD situation display and a
detailed legend describing the
contents of this display
picture.

The flight progress board
used by the '"D" or manual con-
troller also contains a CRD.
In addition to displaying en-
tered data, the CRD will dis-
play messages composed by the
computer, such as amended data
to a flight progress strip,
after the controller depresses
the proper function key.

The "R" and "D" control-
lers also have keyboards and
standard data entry formats
for message composition and
entry. In addition, the "R"
controller has a trackball
which is wused for aircraft
identification or geographic
reference points to the com-
puter.

radar
PVD,

The  controller's
console consists of a
six control panels, a track
ball, and a keyboard (see
Figure 2-13). The field
select control panel allows
the controller to vary the
range of the display up to 400
miles. The target history can
be adjusted from zero to five
histories or trails. The
vector length can be set to
forecast the target's position
up to 8 minutes in the future.
The leader length varies the
length from the target to the
data block.

The display ad justment
control panel provides for the
contrast, brightness, focus,
alarm volume, dimmer, and pow-
er on the PVD,

I O
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Terget Symbols

1 Uncorreisted primary rader arget + @

2°Corvelstad primary radec tavget X
3 Uncorrelsted bescon target /
4 Correlsted beacon terget \
5 identing beacon target -

(*Correlasted mesns the smocistion
of radar deta with the computer pro-
mcted track of an wdentified sircraft)

Position Symbols

6 Free vack (No Hight plan tracking) A
7 Fim track (flight plan tracking) (o)
8 Coast (Bescon target lost) L 4
9 Presant Pastion Hold X

Oets Block information

10 *Arrcraft |dentification

11 *Amgned Alttude FL 280 mode C sititude
sarne or within 2200° of ssgnd sititude

L J
VAN S
Tty

228081

12 *Computer ID #191, Handof! is to Sector 33
(0-33 wouid mean handot! accepted)
{*Nr's 10, 11, 12 constitute » “full dete

block™’)

13 Amgned sittude 17,000, sircraft is
chimbing, mode C readout was 14,300
when last beacon Interrogrtion was
recerved

14 Leader line connecting tesget symbot
ond dets block

1§ Track velocity snd dirsction vector
line (Promcted shead of wrget)

16 Amigned sltitude 7000, sircraft is
descending, |sst mode C readout (or
it reported sititude was 1007
above FL230

17 Trensponder code shows in full duta block
onty when ditterent then emsigned coda

18 Asrcraft 14 300" sbove ssmgned
sttrtude

19 Reported sititude INo mode C readout)
e s asighned. An ‘N would md-
cate no reported sivnde)

20 Treraponder mt ON emergimcy cods 7 700
EMRAG fiaghes to sttract sttentson)

Figure 2-14 Plan View Display of Air Traffic Situation
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21 Trsnaponder code 1200 (VF R} with no
maode C

22 Coxle 1200 (VF R) with mode C and tast
sititude readout

23 Trangpondst st on Radio F miure coge
7800, (RDOF fiashew

24 Computer 1D #228, CST inchcates wrget s
in Comt status

2 Assgned altrude FL290. transponder
code (Thase two rterma constitute
“hmited date block' )

Other symbois

28 Neavigstional Aid

27 Airwey or jet route

28 Outline of westher returns besed on
orinary rader (See Chapwr 4 ARTCC
Radar Weathst Displey. H's represent
sreas of high density precipitation
which might be thunderstorms Radval
lines inchcate iower density precip:
twion)

20 Otstruction

30 Airports Megor . [] Small [
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The quick action panel
provides the quick action keys
and the category select keys
for rapid computer entries by
the controller.

The CRD panel provides for
function keys and a device for
the display of computer mes-
sages. It also contains a
preview of keyboard entries.

The system status control
panel provides for mainten-
ance indicators, off-centering
switches, console power mode
switches, and radar system
status indicators.

The display filter control
panel provides for filter keys
for altitude discrimination
and filtering of targets.

The kevboard is used to
input messages composed by the
conttoller (displayed on the
CRD) into the computer. The
controller can use the track-
ball to identify aircraft
position, aircraft identifica-
tion, or define position loca-
tion to the computer.

The sector or manual (D)
controller portion of the work
station consists of four
flight progress strip bays, a
CRD, an alphanumeric keyboard,
and an associated flight strip
printer. The computer prints
flight progress strips on the
printer. The strips are sepa-
rated, individually inserted
into flight progress strip
holders, and placed in appro-
priate bays. The controller
can amend the data on the
strips by writing new informa-
tion on the strips, then re-
vising the computer data base
(associated with the strips)
by using the function keys and
keyboard. The computer can

display amended s rip data by
displaying the data on the
CRD, which the controller can
copy onto the strip printer.

To support the D-control-
ler, the en route 9020 system
computer calculates the time
over each fix for a flight and
produces a strip for each FPA.
The strip is printed on the
flight strip printer at the
"A" position in the center.
The "A" controller, if avail-
able, will insert the strip
into a strip holder and pass
it to the '"D" controller for
posting. Figure 2-15 shows a
sample en route flight strip.

The center '"D" controller
will place the strip under the
proper fix identifier bay. The
controllers will assess the
current strip against other
flights to determine if ade-
quate separation will exist
between aircraft. If non-ra-
dar separation does not exist,
the '"D" controller will norm-
ally alert the "R'" controller
by marking the strip. The 'D"
controller will constantly
scan the flight strip bays on
his board for any change which
affects separation or coordin-
ation. See Figure 2-16 and
also refer to FAA ATC Proced-
ures 7110.65, Appendix 1. See
also Appendix C for descrip-
tion of controller flight
strip marking abbreviations
and symbols.

2.6.1.3 Controller-Pilot and
Interphone Communi-

cations

The controller/pilot com-

munications are via air/
ground Very High or Ultra High
Frequencies. In the centers

and some of the large towers
remote frequencies are con-

T
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1 2111 1% 1é 2C 21 25 27
3 28
22
4 2
5 8 13 . i 23
€ 9 1% : 18
L Aofdea . L3 R TR 1 28 0
N |
_ 1y Tha 30 330 FLL J14 ENC OCD212 |
LLSL2 18 000 PHL v 2575
DCY/A 1827
TL6E G555 |
.16 16 |
L36 g9 LPXT ’ w2

(1) VERIFICATION SYMBOL, IF REQUIRED.
(2) REVISION NUMBER
(3} AYRCRAFT IDENTIFICATION.
{4) NUMBER OF AIRCRAFT (IF MORE THAN ONE). HEAVY AIRCRAFT INDICATOR “H/” (1F APPROPRIATE). TYPE
OF AIRCRAFT AND SPECIAL EQUIPMENT INDICATORS.
{6) FILED TRUE AIRSPEED.
{8) SECTOR NUMBER.
{7) COMPUTER IDENTIFICATION NUMBER, IF REQUIRED.
(8) ESTIMATED GROUNDSPEED.
(9) REVISED GROUNDSPEED OR STRIP REQUEST (SR) ORIGINATOR.
(10) STRIP NUMBER.
(11} PREVIOUS FiX
(12) ESTIMATED TIME OVER PREVIOUS FiX.
(13) REVISED ESTIMATED TIME OVER PREVIOUS FiX.
(14} ACTUAL TIME OVER PREVIOUS FIX OR ACTUAL DEPARTURE TIME ENTERED ON FIRST FIX POSTING AFTER
DEPARTURE.
I [ (143) PLUS TIME EXPRESSED IN MINUTES FROM THE PREVIOUS FIX TO THE POSTED FiX.
i (15) CENTER-ESTIMATED TIME OVER FIX (IN HOURS AND MINUTES) OR CLEARANCE INFORMATION FOR
DEPARTING AIRCRAFT.
{16) ARROWS TO INDICATE IF AIRCRAFT IS DEPARTING * OR ARRIVING +
E (17) PILOT-ESTIMATED TIME OVER FIX.
- (18) ACTUAL TIME OVER FIX, TIME LEAVING HOLDING FiX, ARRIVAL TIME AT NONAPPROACH CONTROL AIRPORT,
. OR SYMBOL INDICATING CANCELLATION OF IFR FLIGHT PLAN FOR ARRIVING AIRCRAFT OR DEPARTURE
Loy | TIME (ACTUAL OR ASSUMED).
by (19) FiX. FOR DEPARTING AIRCRAFT, ADD PROPOSED DEPARTURE TIME.
b (20) ALTITUDE (IN HUNDREDS OF FEET) INFORMATION.
& t21) NEXT POSTED FiIX OR COORDINATION FIX.
Y (22) PILOT'S ESTIMATED TIME OVER NEXT FIX.
E- (23) ARROWS TO INDICATE NORTH ‘ . SOUTH * ,EAST—#» , OR WEST «g— DIRECTION OF FLIGHT, IF REQUIRED.
3 (24) REQUESTED ALTITUDE.
. (25) POINT OF ORIGIN, ROUTE AS REQUIRED FOR CONTROL AND DATA RELAY, AND DESTINATION.
(26) PERTINENT REMARKS, POINT OUT/RADAR VECTOR/SPEED ADJUSTMENT INFORMATION OR SECTOR/POSITION

" NUMBER. FACILITY CHIEFS MAY AUTHORIZE THE OPTIONAL USE OF SPACES 13, 14, 14a, 22, 23, 24, OR 28 FOR
; POINT OUT/RADAR VECTOR OR SPEED ADJUSTMENT INFORMATION.
¥ (27) MODE 3/A BEACON CODE (IF APPLICABLE).

(28) MISCELLANEOUS CONTROL DATA (EXPECTED FURTHER CLEARANCE TIME. TIME CLEARED FOR APPROACH,
{29-30) TRANSFER OF CONTROL DATA AND COORDINATION INDICATORS.

& Figure 2-15 NAS Stage A En Route Strip
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COMPUTER
READOUT
DISPLAY

FULIGHT
STRIPS

FLIGHT
STRIP
PRINTER

ALPHANUMERIC
J KEYBOARD

\/

QUICK
ACTION
KEYBOARD

Figure 2-16 Flight Strip Printer and Flight Strip
Bays for Manual (D) Position
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nected to the facility by
either microwave or telephone
lines. All pilot/controller
communications are recorded by
multi~channel voice recorders
in each facility. 1f an inci-
dent or accident occurs, a
transcript can be made of all
pertinent communications. The
transcript will be used during
the review of the incident or
accident. Recordings are also
used for search and rescue
activities, as well as con-
troller training and evalua-
tion. In the center and termi-
nal facilities controller
communications are initiated
when the controller depresses
a button on the wire to his
headset. At some terminals a
foot pedal is also used.

Each control position has
direct interphone access to
immediately adjacent control
positions and satellite air-
field facilities. Other posi-
tions or facilities are acces-
sible via indirect access in-
terphone. All controller con-
versation over the interphone
is recoraed on voice record-
ers. Direct person to person
communication is generally not
recorded.

2.6.1.4 NAS Stage A Data Pro-
cessing

In the NAS Stage A centers
radar returns are digitized at
the radar site by a Common Di-
gitizer (CD) and transmitted
in digital (narrowband) form
to the center. Broadband ra-
dar has been retained and
eventually will be replaced by
Direct Access Radar Channel
(DARC) .

The NAS Stage A centers
are equipped with either the
1BM 9020A Central Computer
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Complex (CCC) and Raytheon
Computer Display Channel
(CDC), or the IBM 9020D ccC/
CDC or IBM 9020E display chan-
nel hardware. Digitized radar
is associated with flight plan
data by the CCC, and presented
on a controller's PVD by the
CDC or 9020E. The data or da-
ta block on the PVD contains
the flight call sign or iden-
tification; interim assigned
altitude; and, if the flight
has a Mode C transponder, the
actual altitude; computer
identification number; posi-
tion of track symbology; track
velocity and direction vector
line; and other data such as
handoff codes and beacon codes
if appropriate. Other infor-

mation on the PVD includes
weather data presentation,
navigational aids, routes,

airports, and obstructions.
Please refer to Figure 2-14.

The NAS Stage
Data Processing
Radar Data Processing (RDP)
computer programs provide
automated tools for the center
controller., In a manual mode
a flight plan must be hand
written onto flight progress
strips for all fixes that are
posted on the flight progress
boards. As the flight pro-
gresses through the center's
area, or when amendments are
made to the flight data, each
affected controller must ver-
bally pass the data to the
next controller. All radar
handoffs must be verbally
given to the receiving con-
troller. The last sector,
where the aircraft will exit
the center's area, must ver-
bally pass the flight plan
data to the next facility.
With automation the flight
plans are forwarded ¢to the
center's computer and strips

A Flight
(FDP) and




are automatically generated
for each required fix. The
computer calculates and wup-
dates all fix times based upon
radar track speed. Once a
revision is manually entered,
all subsequent sectors and
facilities automatically re-
ceive the revision,. Radar
handoffs are automatically
generated for all sectors and
facilities.

Each center sector has one
or more uniquely associated
fix posting areas (FPA). (An
FPA is a volume of airspace,
bounded bv a series of con-
nected line segments with
altitudes, which {s assigned
to a sector.) The fix may be
an airport, navigational aid,
or airwav intersection. The
area surrounding the fix and
abutting the next drea is
called an ¥PA, Terminal areas
mav be defined as one or more
FPAs,

2.6.1.5 EARTS

The En Route Automated
Radar Tracking Svstem (EARTS)
is an automated radar and
redar beacon tracking system
used at San Juan, Honolulu,
and Anchorage, Its functional
capabilities and design are
essentially the same as the
ARTS [IIA system.

2.6.2 Tower/Terminal Radar Ap-

proach Control  Opera-

tions

Underlving the centers are
Aitport Traffic Control Towers
(ATCT) and terminal ATC
Approach Control facilities
that use radar and non-radar
procedures to provide services
to arriving, departing, or
flights transitioning the con-
trolled airspace.

- | I

A Terminal Radar Approach
Control (TRACON) facility may
be operated by the FAA, U.S.
Army, U.S. Air Force, U.S,
Navy or U.S. Marine Corp, or
jointly by the FAA and a mili-
tary service. Specific nomen-
clatures are used for admini-
strative purposes in identi-
fving radar approach controls.
They are:

a. Armyv Radar Approach Con-
trol (ARAC), Army.

b. Radar Air Traffic Control
Facility (RATCF), Navy/
FAA.

c. Radar Approach Control
(RAPCON), Air Force/FAA.

d. Terminal Radar Approach
Control (TRACON), FAA.

e. Terminal Radar Approach
Tower Cab (TRACAB), FAA,

Approach control facili-
ties that are not radar equip-
ped are referred to as non-
radar approach control facili-
ties.

The basic equipment for
terminals consist of control
desks or consoles, communica-
tions panels, weather instru-
ments and displays, radar dis-
plays, flight progress strip
boards, and auto- mation in-
put/output devices. Whereas,
in the center the equipment
configuration is basicallyv
standardized, in the terminal
there are many different con-
figurations according to the
tvpe of facility and equipment
in use. See Table 2-6 for
different configurations.

The ATCTs are located at
airports that meet specific
tower establishment traffic




TABLE 2-6 DIFFERENT APPROACH CONTROL CONFIGURATIONS
EQUIPMENT ENHANCED CAPABILITIES REMARKS
NON-RADAR None Mav Have FDEP.
TPX-42 RADAR, Numeric Readout of May Have FDEP.

Beacon Code and Mode C No Interfacility
Altitude Computer Capabil-
ity.
ARTS 11 RADAR, Alphanumeric Call Most Have FDEP.
Sign, Mode C Altitude and Some Facilities
Special Indicators. (No have Computer
Tracking) Interface.
ARTS 111 RADAR, Alphanumeric Call Most ARTS 111
Sign, Mode C Altitude, Facilities have
FDEP.
Ground Speed (Beacon All Facilities
Tracking) and Special are Interfaced.
Indicators
ARTS T1I1A RADAR, Alphanumeric Call Same as ARTS

Sign, Mode C Altitude,
Ground Speed (Tracking)
and Special Indicators.
(Will be improved to full

digital mode in the future.)

ITI.
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volume criteria.

The airport
movement area and airspace in
the immediate vicinity of the
airport are controlled by the
towers. Where a tower and un
approach control are colocated

or in closce proximity they are
generally under the same air
traffic manager.

Normally, there are no

areas of specialization within
the terminal facilityv, except

at the largest facilities,
such as the New York TRACNON,
Occasionally, the tower mayv be
operationally split from the
TRACON, although they are at
the same location. Generally,
terminal controllers will ro-

tate through all operational
control positions at colocated
facilities, though not neces-
sarily on the same watch.

The airport runwav and
taxiway configuration, pre-
vailing winds, and noise
abatement procedures are sig-
nificant factors in the ter-
minal flow of traffic. A
modern airport with dual run-
ways and Nnigh speed turnoffs
onto taxiways, such as the

Dallas/Fort Worth Airport, can
handle much more traffic than
an airport with one major run-
way.

There mav be one or more
Area Supervisors in support of
the controller activities
located in the approach con-
trol and tower. The shift is
usually under the administra-
tive control of an Area Mana-
getr or Area Supervisor. Tech-

nicians and Data Systems per-
sonnel are staffed on most
shifts or are "on-call'".

— ——
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POSITION
Local Control
(Tower)

Ground Control
(Tower)

Clearance Delivery
(Tower)

Flight Data
(Tower)

*Approach Control

*Arrival Control
(Radar)

Arrival Data
(Radar)

*Departure Control

*Departure Control
(Radar)

Departure Data
(Radar)

TABLE 2-7,

DESCRIPTION OF TERMINAL POSITIONS

SYMBOL

LC

GC

FD

AP

AR

AD

DC

DR

DD

DESCRIPTION

Provides separation of air traffic
on active runways and in the immedi-
ate airport area.

Provides separation of air traffic on
airport surface area excluding active
runways and gate areas.

Issues ATC clearances with appropriate
terminal restriccions to pilots prior
to departure.

Responsible for receiving, distribut-
ing, and entering computer messages on
flight plans.

Responsible for providing separation
to arrival aircraft in the terminal
area using air/ground radio and flight
progress strips.

Responsible for providing separation
to arrival aircraft in the terminal
area using air/ground radio, radar
display, and flight progress strips.

Responsible for receiving, distribut-
ing, and entering computer messages on
arrival flight plans.

Responsible for providing separation
to departing aircraft in the terminal
area using air/ground radio and flight
progress strips.

Responsible for providing separation
to departing aircraft in the terminal
area using air/ground radio, radar
display, and flight progress strips.

Responsible for receiving, distribut-
ing, and entering computer messages on
departing flight plans.

* Traffic overflying the terminal area will be separated by the
positions specified in the facility directives.
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TABLE 2-7. DESCRIPTION OF TERMINAL POSITIONS (Cont'd)

POSITION SYMBOL DESCRIPTION

Gate Hold GH Responsible for issuing taxi times or
engine start times to departing air
craft to effect flow control when

necessary.

Coordinator CcC Coordinates the movement of traffic

(Tower) between positions. May assist in ra-
dar handoffs.

Coordinator Cl Coordinates the movement of traffic

(Radar) between positions. May assist in ra-

dar handoffs.

Area Supervisor AS Supervises a team of controllers work
ing specified positions.

Area Manager AM Responsible for supervision and man
agement of control room/tower cab.

NOTE 1: Tower positions included here for convenient reference.

NOTE 2: Facility air traffic managers may use position designa-
tors other than those listed to accommodate local situa-
tions., As an example, handoff position (H0), similar to
arrival/departure data positions, but adds handoff and
coordination responsibilities.

—




2.6,2,2 Terminal Position
Workstation Features

The ARTS Data Entry and
Display Equipment (Figure 2-
17) consists of a radar con-
sole and associated controls,
an alphanumeric keyboard, a
slew ball in the ARTS I1I, and
a Peripheral Entry Module
(PEM) or joy stick in the ARTS
II, and five quick look but-
tons or switches.

The display is a radar
display with alphanumeric data
written on top of broadband
radar. By using the approp-
riate control switches and
settings the controller can
present radar targets (broad-
band), weather (broadband),
video mapping, and digitized
data blocks containing air-
craft identity, altitude,
speed, and control symbology.
See Figure 2-18. The radar
scope can be off-centered and
has a maximum range of 60
miles.

The controller communica-
tes with the ARTS computer
through the use of the key-
board, which contains func-
tion keys as well as alphanu-
meric data. Keyboard-entered
data and status messages are
displayed in preview and sta-
tus areas on the radar dis-
play. These areas are relo-
catible and are dynamically
selected by the individual
controller.

The controller can quick
look, or present up to five
other positions on his dis-
play, through the selection of
the predetermined quick look
buttons or switches.

Except for the smaller
terminals, most approach con-

trols and towers are equipped
with FDEP equipment. FDEP
consists of one or more key-
boards and flight strip prin-
ters. This equipment is in-
terfaced directly to the cen-
ter’'s computer through a Data
Communication Control Unit
(DCCu). FDEP provides for
fli%ht progess strips and con-
trol messages such as depart-
ure times and flight amendment
messages. The flight data
controller will deliver the
strip to the appropriate posi-
tion. An example of these
strips is given in Figure 2-
19.

2.6.2.3 Terminal Controller-
Pilot and Interphone
Communication

All terminal air traffic
control facilities are equip-
ped with radio communications
to aircraft, telephone commun-
ications to ARTCCs and FSSs,
and have a variety of equip-
ment for observing, detecting,
receiving, and displaying wea-
ther information.

Radios and telephones are
major tools of the terminal
controller.

Terminal ground-to-air
communications are conducted
with VHF or UHF transmitters
and receivers. See Section
2.6,1.3 for additional de-
tails.

2.6.2.4 ARTS Data Processing

The ARTS 11/111 also pro-
vide automated tools for the
terminal controller. The cen-
ter's computer will forward a
condensed flight plan to the
ARTS., It will store the data
and present a tabular listing
of the call sign at the appro-
priate position, If the
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flight is a departure, ARTS
will automatically forward a
departure message to the cen-
ter's computer when the flight
is airborne. If the flight is
an arrival, ARTS will forward
a 'terminate' message to the
center's computer when the
flight has landed. The ARTS
does not have automatic hand-
off generation, except as a
local modification to the ARTS
computer program.

Most terminals are equip-
ped with the FDEP equipment,
which is directly on-line to
the center's computer. There
is no physical association be-
tween the ARTS and FDEP except
at the center. Handwritten
strips must be produced for
locaf terminal operations.
Figure 2-20 provides a flow
diagram of the ARTS data
facility.

The ARTS II1 is presently
being upgraded to the ARTS
IIIA. This eventually will
provide a digital radar dis-
play presentation. The cur-
rent and interim systems asso-
ciate a data block with a
broadband radar target. The
data block includes the con-
troller position symbol, lead-
er line, aircraft identifica-
tion, heavy jet indicator,
ground speed, and Mode C al-
titude data if available. The
controller can also insert
assigned altitude, aircraft
type, and other data in a
"scratch pad" area if desired.
The ARTS display also contains
arrival/departure lists, coast
/suspend 1lists, and systems
data area. Obstructions, air-
ports, navigational aids,
etc., are presented via a vi-
deo map and not as a digital
picture segment by the ARTS
IIl system.
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The ARTS Il is very simi-
lar to the ARTS 111 with one
major exception-tracking. The
ARTS III1 predicts the movement
of the target and is consider-
ed a tracking system. The
ARTS 11 does not track but
displays the last reported po-
sition of the target. The
ARTS II is being upgraded to
the ARTS IIA and will be the
functional equivalent to the
ARTS III system.

The FAA and Air Force are
currently using a beacon code
and Mode C altitude readout
device on the radar called
TPX-42, The agency will re-
place this numeric device with
the ARTS 11A. The Air Force
and Navy are implementing the
PIDP to replace the TPX-42 and
other radar systems. The Army
uses the ARTS II/III.
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2.6.3 Contrast In Center/

Terminal Operations

A control position in a
terminal is wusually a single
position backed up by a coor-
dinator position. Whereas, in
a center, a sector is normally
a two or three, and in some
cases, a four man operation.
Relief is given by combining
the D & R positions at a sec-
tor or by another controller.
In the terminal the position
will be combined with another
position, thereby giving the
controller relieg. Alternate
staffing occasionally permits
relief without combining. On
the midnight shift the center
will be reconfigured into as
few sectors as possible, In
many terminals, responsibility
for performing the approach
control function is shifted to
the towercab on the midnight
shift, where they are opera-
tionally combined.

The delegation of respon-
sibility from the center for
air traffic control services
(i.e., approach control serv-
ice, control boundary juris-
diction, etc.) 1is identified
in a letter of agreement be-
tween the center and one or
more terminals. Normally, the
airspace delegated to the ter-
minal facility, holding pat-
terns, provisions for emer-
gency services, and arrival/
departure routes, including
transfer of control points,
are identified in the agree-
ment. I1f the terminal is a
part-time facility, either
fewer than 24 hours per day or
7 days per week operation, the
airspace and associated con-
trol responsibility reverts
back to the respective center.

2.6.4 Flight Service Stations

(F558)

FSSs are air traffic faci-
lities which provide pilot
briefings, en route communica-
tions, VFR search and rescue
services, assist lost aircraft
and aircraft in emergency sit-
uations, relay ATC clearances,

originate Notices to Airmen
(NOTAM), broadcast aviation
weather, receive and forward

IFR flight plans to the cen-
ter's computer, and monitor
navigation aids. 1In addition,
at selected locations, FSSs
provide en route flight advis-
ory service (flight watch),
take weather observations,
issue airport advisories, and
advise customs and immigration
of transborder flights.

There are currently over
300 FSSs in the U.S. When
they are fully automated this
number will be reduced to 61.
Most of the data associated
with the above services will
be contained in a data base
and presented to the FSS spe-
cialist through computer driv-
en displays. The final phase
of automation will permit the
pilot, through his entry and
display device, to receive
briefing material direct with-
out the need for an FSS spe-
cialist.

2.6.5 Interfacility Communi-

cations Systems

Interfacility systems pro-
vide <communications between
facilities, including major
manned facilities, such as air
route traffic control centers

(ARTCC), airport traffic con-
trol towers, and smaller re-
mote facilities 1like radar

sites and ground-to-air trans-
mitter sites,




e an
Although most interfacil- Most data circuits are
ity services used for both low-speed (150 bits-per-second
voice and data transmission or below) subvoice grade
are leased, some are FAA own- lines. Little interoperabili-

ed. Most FAA-owned transmis-
sion are radar microwave link
(RML) equipment. About 16,000
miles of RML are used to send
en route radar information to
the appropriate air route
traffic control center. These
links also are used for backup

emergency communications
(BUEC), ground-to-air receiv-
ers and transmitters, and li-

mited other applications.

The FAA also owns televi-
sion microwave links (TML)
which are used to remote radar
information and other data.
For example, a TML could be
used to transmit radar data
from one radar to two differ-
ent airports. It also could
remote a radar across an air-
port where it would be too
expensive to lay cable, as
would otherwise be necessary.

All other transmission
media are leased, generally
from the local utility com-
pany. Low-speed teletype net-
works emanate from the Kansas
City, Missouri, NATCOM. These
are multiple networks for ap-
propriate national and inter-
national distribution, Net-
works are typically oriented
toward specific functions,
such as the distribution of
flight plan information (Ser-
vice B), weather information
(Service A and C), and inter-
national messages (aeronauti-
cal fixed telecommunications
n~twork (AFTN). Often, mul-
tiple terminals are colocated
in the same facility. Network
intetrconnections also are pro-
vided with other countries,
the National Weather Service,
and other users, such as air-
lines.

2-60

ty exists on these circuits,
Medium-speed lines (2400 bits-
per-second) are used to con-
nect newer equipment, such as
computers, Very few highspeed
circuits exist.

2.6.6. Special Controller Aids

Although the use of the
airborne transponder provided
a significant improvement to
the original primary radar
return, it became the key
ingredient in providing auto-
matic identification, track
initiation, and altitude re-
porting data to the control-
ler. The use of the discrete
beacon code was essential for
accurate tracking. The dis-
play of Mode C altitude became
an indispensable tool for the
controller and it reduced the
pilot/controller communication
by a considerable amount. 1t
also paved the way for two new
safety features which have
been added to the ARTS III and
NAS Stage A software programs.

These safety routines are
called the Conflict Alert Pro-
gram and the Minimum Safe

Altitude Warning (MSAW) Pro-
gram. Although the programs
have different software para-
meters which affect the alert
warning time and display, both
are alert techniques which are
important tools to the con-
troller.

2.6.6.1 Conflict Alert

Conflict alert is a capa-
bility within ARTS and NAS
Stage A3d2 software to signal
the controller that two air-
craft are or will come within
minimunm specified distance or




altitude of one another. The
significant difference between
the terminal and en route con-
flict alert is the availabili-
ty of the assigned or interim
altitude in the en route sys-
tem. By using the assigned
altitude the computer program
can determine whether a con-
flict will exist when aircraft
are climbing-descending to the
assigned altitude. The ARTS
I1II, not having an assigned
altitude available, assumes
that aircraft will continue
the climb/descend pattern and
nct stop at an unknown assign-
ed altitude.

2.6.6.2 Minimum Safe Altitude

The ARTS III has had a
MSAW function for several
years. The NAS Stage A also
has this program. The main
differences are in the adap-
tion of the boxes containing
high terrain or obstacles.
The NAS STAGE A divides its
area into irregular shaped
boxes of varying dimensions.
Whereas, the ARTS program
adapts the highest terrain or
obstacle for each 2  mile
square bin. The ARTS III also
provides for special adapta-
tion of airport areas to
reduce false alerts involving
aircraft in the approach to
the runways.

2.6.6.3 Range Bearing/Vector

Line

The NAS Stage A computer
program includes a function
which will read out the range/
bearing/time from an aircraft
to a fix or geographical
point. This controller aid is
not available in the terminal
programs excegt as a local
modification, but has become a
frequently used tool in the
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terminals where it is avail-
able. The vector line is ano-
ther frequently used center
controller tool. The vector
line is used to forecast the
flight of one or more aircraft
by drawing the projected route
on the display. There is no
terminal system equivalent.

2.6.6.4 Metering

The en route system has
recently added a metering pro-
gram designed to reduce termi-
nal congestion. The prog

will calculate arrival ey
times, determine the ¢ ay
factor from inserted airy ./
runway acceptance rates, nd
display a delay factor o La
metering positions. The

tering position must cooru.n-
ate metering times with the
affected controller(s). Thus,
the controller can reduce the
speed of aircraft prior to the
inbound fix so that little or
no holding time is required in
close to the terminal or air-
port area.

2.6.6.5 ARTS IIl Scratch Pad

Although the terminals
have reduced the need for
flight progress strips, there
remains the need for flight
plan data. Many terminals
display fix, altitude, type
aircraft, and/or other data in
the special areas of the full
data block. The area contain-
ing inserted data is frequent-
ly referred to as 'scratch
pad". Another terminal tool
is the use of a partial data
block. This condenses the data
of another controller'’s fuyll
data block, thereby reducing
the clutter on a display.
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3.0 AIR TRAFFIC CONTROL OPER-
ATIONAL EVENTS

This chapter identifies
the events which directly in-
fluence controller actions on
the job. To proceed from the
Chapter 2 description of the
Air Traffic Control system,
this chapter begins the sys-
tematic analysis of controller
work in that system.

As stated in Section 1.4,
the methodology for the analy-
sis of the controller's tasks
is based upon the assumption
that these activities may be
characterized as event respon-
sive. Although all of the
controller's complex thought
processes and not individual
judgment may not be directly
observed by the analyst, it is
a wuseful analysis tool to
identify the types of events
which occur within a control-~
ler's environment, and to
which he must be responsive.

As defined in Chapter 1,
and portrayed in Figures 1-3
and 1-4, an event may be char-
acterized as a product of the
interactions among aircraft,
airspace, facilities, surveil-
lance capabilities, and ATC
operations (which include
controller/controller, pilot/
controller, controller/staff,
and controller/machine inter-
actions). That is, an event
is a distinct occurrence which
the controller perceives and
responds to in some manner.
To identify the tasks the con-
troller performs in response
to these events, the control-
ler may be modeled as an in-
formation processor. The ad-
vantage of using this model as
an analysis tool is that, if a
ccmprehensive list of events
which the controller observes

'—-——_——'—"—'——-—'—z’

is documented, as well as a
similarly extensive 1list of
tasks, a great deal of accu-
racy may be had in describing
the ontroller's work. The
disadvantage in modeling the
controller as an information
processor, whose response to
events is to perform tasks, is
the dynamic operational com-
plexity of the controller's
job necessitates a highly in-
teractive analysis model, the
application of which is inher-
ently complex. One event may
trigger another event before
an appropriate controller
response occurs. In addition,
it may not be appropriate for
the controller to outwardly
respond immediately. A mental
response is difficult to docu-

ment until the response
evolves into an overt one.
Therefore, in viewing the

controller as an individual
who processes information in
response to events, we do not
have an exact reproduction of
the controller as in a photo-
graph, but we do have an
accurate and extremely useful
model which can be applied.

The purpose of Chapter 3
is to capture the events and
groups of events which influ-
ence what the controller does
on his job. Actual observa-
tions of controllers on the
job, as well as documentation
listed as References [1], [2],
and [3] at the end of this
chapter, were used to identify
and describe events. These
were synthesized into a com-
prehensive and structured
list. Direct observations of
controllers at work were made
at both terminal and en route
facilities, of varying size
and traffic volume/complexity.
Categories of events are por-
trayed in Figure 3-1 as being
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either aircraft related events
or NAS related events. Within
the Aircraft related events
are the Single Aircraft, Sin-
gle Aircraft Contingency, and
Multiple Aircraft Categories.
Within the NAS related events
are the Air Traffic Control
and ATC Facilities Categories,
Each category is then broken
down into Types.

See Table 3-1 for the list
of events identified with re-
spect to these types. Table
3-1 is the events list in its
entirety. For the purposes of
discussion and ease in refer-
ence, these events are grouped
roughly according to the func-
tional genesis as a specified
group of events., For example,
the single aircraft category
will progress through several
clearance request types of
events. This grouping of
events is intended primarily
to provide an organization
which may be readily reviewed
for completeness.

Figures 3-2 through 3-18
follow this grouping descrip-
tion in portraying a synopsis
of these events and providing
event descriptions. In addi-
tion, this simplified repre-
sentation of the ATC event
scenario illustrates the char-
acter of events derived in
each category of Figure 3-1,
as they occur within the flow
of the ATC oper~*ional en-
vironment.

The event sug-
gests what t sller
might say in re .0 an
event occurrence .. ; stances

where this may illuminate the
event description. However,
the controllers' quotes on the
graph are not transcribed in
exact controller-ese, rather

in prose form to enhance un-
derstanding of the concept for
the non-controller. Similar-
ly, a possible portrayal of
either the STAGE A or ARTS
display is shown, when appro-
priate.

Following the synthesis of
events in Chapter 3, Chapter 4
draws a relationship between
these events and the control-
lers' <corresponding activi-
ties. These activities are
then broken down into sub-
activities, so that each event
corresponds to at least one

sub-activity. Thus, is pre-
served a direct linkage from
events, through controller

activities, to statements of
component sub-activities.




EVENT TYPE

Clearance Request
Clearance Delivery

Taxi Clearance
Takeoff Clearance

Amended Altitude/Route/
Destination

Flight Following
VFR TCA/TRSA
Approach Clearance

Landing Clearance

TABLE 3-1. EVENTS/TYPES/CATEGORIES

CATEGORY

Single Aircraft

Flight Status
Initial Contact

Filed Flight Plan
PIREP
Missed Approach

TAS, Altitude, Route
Deviation

Entering/Leaving Hold
FAF Inbound

Overdue Aircraft

Single Aircraft

Conflict
Minimum Safe Altitude
Warning
Display of Severe Weather
Impending Airspace Conflict
3-4
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EVENT TYPE

i Transfer/Share
Control
Handoff Receipt

Aircraft to Edge of
Sector

Pointout Receipt

Airspace Release

TABLE 3-1. EVENTS/TYPES/CATEGORIES (Cont'd)

CATEGORY

Single Aircraft

Conflict

Aircraft-Aircraft
Conflict

Traffic Advisory

Refueling, Exercises,
Air Shows

Multiple
Aircraft

! Aircraft
! System Anomalies

No Radio
Beacon Failure
Aircraft Emergency

Medical

Single Aircraft
Contingencies

Military Unique
Operations
Interceptor Flights

| { Military Training Routes
Above FL 600

3-5
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TABLE 3-~1. EVENTS/TYPES/CATEGORIES (Cont'd)

EVENT TYPE CATEGORY

Other Special Special Air-
Operations craft Operations
Balloons, Gliders
Experimental Flights
Fuel Dumping, Jettison

Law Enforcement

D.0.E. Flights (e.g.
Hazardous Cargo)

Lifeguard Missions
Hijack
Bomb Threat

Restricted, Warning,
"Hot' MOA

Traffic/Flow Air Traffic
Management Control
Flow Management
Required

ALTRV, Airspace
Reservation

Change Flow Pattern

Runway Configuration
Change

Facility Closure/
Capacity Change
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TABLE 3-1,

EVENT

Communications Failure
RDP Failure

FDP Failure

NAVAID Status
Duplicate Beacon Code

Failure to Receive
Handoff

EVENTS/TYPES/CATEGORIES (Cont'd)

TYPE

Systems Fault
Degradation

CATEGORY

Air Traffic
Control

Personnel ATC Facilities
Management

Controller on Duty

Controller Overload
Weather ATC Facilities

SIGMET/AIRMET
Advisories

Wind Shear Report
Ceiling Height Report
Visibility Report

Pressure Display/Report




AC100, MAINTAIN FLIGHT LEVEL 290,
PLEASE GIVE ME A GOOD RATE OF CLIMB
TO FLIGHT LEVEL 290, REPORT READY TO
RESUME CLIMB TO FL370r".

“AC100, UNABLE TO APPROVE YQUR
REQUEST, SALT LAKE CENTER HAS
HOT RESTRICTED AIRSPACE IN YOUR
REQUESTED PATH, YOU MIGHT TRY
AGAIN EAST OF LUCIN

'100GA CLEARANCE ON REQUEST,
NUMBER ONE FOR DEPARTURE,
TAXI INTO POSITION AND HOLD '

100GA, CLEARED FOR TAKEOFF,
GOOD DAY

' ‘100GA TAXI FROM GATE
— TO RUNWAY

“ﬂ@g 4
) l_k = X !/

S

_— TAKEOFF CLEARANCE

A TAKEOFF CLEARANCE (S THE AUTHORITY TO BEGIN THE|
TAKEOFF ROLL FROM A SPECIFIED RUNWAY. AN AIRCRA
MAY BE INCREMENTALLY CLEARED FOR TAKEOFF BY FI
BEING AUTHORIZED TO TAXI INTO POSITION AND HOLD (Fi
SEPARATION REASONS), AND THEN CLEARED FOR TAKEO
TOWER AIRPORTS HAVE A LOCAL CONTROLLER, OR
CONTROLLERS FOR DESIGNATED ACTIVE RUNWAYS.

~

~ yi

'ATC CLEARS 100GA TO THE DUBUQUE

VORTAC AS FILED, MAINTAIN 3000,

DEPARTURE CONTROL FREQUENCY
123:9 _ SQUAWK 3426 OVER’

TAX!I CLEARANCE

A TAXI CLEARANCE IS THE AUTHORITY FOR AN AIRCRAFT

TO TAXI WITHIN THE AIRPORT MOVEMENT AREA UNDER
SPECIFIED CONDITIONS, TOWER AIRPORTS HAVE CONTROLLED
AIRPORT MOVEMENT AREAS. THE GROUND CONTROLLER HAS
THE RESPONSIBILITY OF MANAGING THE FLOW OF AIRCRAFT
MOVEMENTS ON THE GROUND CLEAR OF ALL RUNWAYS. AT
VERY SWVIALL FACILITIES, OR DURING VERY LIGHT PERIODS OF
AIRCRAFT ACTIVITY, THE LOCAL CONTROLLER MAY HANDLE
THE GROUND CONTROL DUTIES. i

CLEARANCE DELIVERY

CLEARANCE DELIVERY IS THE TRANSMITTAL OF AN INITIAL
CLEARANCE, BASED UPON A FILED FLIGHT PLAN TO THE
AJRCRAFT 8Y ATC. IT SIGNIFIES THE ACCEPTANCE OF THE
FLIGHT PLAN AND INCLUDES ANY MODIFICATIONS INTERJECTED

oL =

—

BY ATC. NON-FLIGHT PLAN ITEMS INCLUDED IN THE CLEARANCE
DELIVERY ARE THE ASSIGNED BEACON CODE, THE FREQUENCY
FOR THE ATC FACILITY HANDLING , THE DEPARTURE AFTER
TAKEOFF, AND ANY RESTRICTIONS OR ADVISORIES. AT TOWER
AIRPORTS CLEARANCE DELIVERY IS HANDLED BY THE GROUND
CONTROL POSITION OR, IN THE LARGER FACILITIES, BY A
DEDICATED CLEARANCE DELIVERY POSITION. AT UNCONTROLLED
AIRPORTS, OR WHEN A TOWER IS CLOSED, A FLIGHT SERVICE
STATION (FSS} MAY DO THE CLEARANCE DELIVERY, EITHER OVER
RADIO OR BY PHONE. WHEN THIS IS IMPRACTICAL, OR WHEN A
VFR DEPARTURE IS MADE, THE CONTROLLING ARTCC SECTOR
MAY DELIVER THE CLEARANCE DIRECTLY BY RADIO.

FOR AIRFILED FLIGHT PLANS, THE FSS OR ARTCC MAY DELIVER
THE CLEARANCE, AND FOR POP.UP CLEARANCE REQUESTS, THE
ARTCC OR TRACON DOES THE DELIVERY.

Figure 3-2 Clearanee Request Feent (Single Awcerafr)

A CHANGE OF ALTITUDE MAY BE REQUEST
FOR BETTER EFFICIENCY DUE TO FAVORA
AVOID TURBULENCE OR OTHER WEATHER,
A CLIMB OR DESCENT. THIS INCLUDES RE
MODIFICATION OF A RESTRICTION WHENIT
WITH THE PILOT/CREW JUDGEMENT. CERTAI
SPECIAL OPERATIONS MAY REQUEST AB.
ASSIGNMENT. THIS ASSIGNS AIRSPACE WIT
LOWER BOUNDARIES. A CRUISE CLEARANC
ATC IS SIMILAR, ASSIGNING AIRSPACE FR
. ALTITUDE DOWN TO THE MINIMUM IFR ALT
CRUISE CLEARANCE ALSO INCLUDES THE Al
PROCEED AND MAKE AN APPROACH AT THE
AIRPORT,

DAL MO . ety
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REPORT READY 10 £
207,

ROVE YOUR
CENTER HAS
'ACE IN YOUR
U MIGHT TRY

‘100GA, SAY PRESENT POSITION,
DESTINATION AND ALTITUDE

‘100GA, SQUAWK CODE 5333 AND
IDENT, WHAT TYPE AIRCRAFT ARE
You?

“100GA RADAR CONTACT, ONE-EIGHT
MILES SOUTH OF PUEBLO, PUEBLO
ALTIMETER

PrC TR

‘100GA WHAT IS YOUR PRESENT
POSITION, DESTINATION AND
ALTITUDE?

‘100GA SQUAWK CODE 4066 AND IDENT,
AND BRIEFLY FOLLOWING, ‘100GA, RADAR
CONTACT, TRAFFIC 1S 12 0’'CLOCK AND

4 MILES SOUTH.WEST BOUND,

‘100GA, TRAFFIC NO LONGER
A FACTOR’

NCE VFR TCA/TRSA

RITY TO BEGIN THE
NWAY. AN AIRCRAFT
OR TAKEOFF BY FIRST
ITION AND HOLD (FOR
LEARED FOR TAKEOFF.
TROLLER, OR

IVE RUNWAYS,

FLIGHT FOLLOWING

A VFR AIRCRAFT MAY REQUEST

FOLLOWING.

E MAY BE REQUESTED BY AN AIRCRAFT
DUE TO FAVORABLE WINDS, TO
OTHER WEATHER, OR TO OPTIMIZE
THIS INCLUDES REQUESTING THE
STRICTION WHEN IT INTERFERES
JUDGEMENT. CERTAIN MILITARY AND
Y REQUEST A 8_0CK ALTITUDE

NS AIRSPACE WITH UPPER AND
CRUISE CLEARANCE ISSUED BY

ING AIRSPACE FROM THE SPECIFIED
MINIMUM IFR ALTITUDE. THE
INCLUDES THE APPROVAL TO
APPROACH AT THE DESTINATION

AMENDED ALTITUDE/ROUTE

AN AMENDED ROUTE MAY BE REQUESTED FOR ANY
REASON BUT 15 GENERALLY USED TO OBTAIN MORE DIRECT
ROUTING OR TO AVOID WEATHER. THE NEW ROUTE MAY BE
AIRWAY NAVAID DIRECT NAVAID, RNAV, RADAR VECTORS
OR COORDINATES (LAT/LONG) TO COORDINATES. AMENDED
ROUTES MAY ALSO ARISE FROM A CHANGE IN DESTINATION
DUE TOPILOT REQUEST OR CONTINGENCIES

A PILOT/CREW MAY REQUEST CLEARANCE THROUGH
A TERMINAL CONTROL AREA(TCA) OR ELECT TO
PARTICIPATE IN THE STAGE Il (SEQUENCING) OR
STAGE 111 (SEQUENCING AND SEPARATION) PROGRAM
OF A TERMINAL RADAR SERVICE AREA (TRSA),

‘100GA, FOUR NORTHEAST OF
LEAMA CLEARED FOR THE ILS
14L APPROACH, MAINTAIN 4000
UNTIL ESTABLISHED ON THE
LOCALIZER, CONTACT THE
TOWERON AT
LEAMA ~

AND BE GRANTED/DENIED FLIGHT FOLLOWING SERVICE
FROM AN ATC FACILITY ON A WORKLOAD PERMITTING BASIS.
THE FACILITY MUST HAVE RADAR TO PROVIDE FLIGHT

APPROACH CLEARANCE

AN APPROACH CLEARANCE IS THE AUTHQRITY TO EXECUTE

A SPECIFIC PUBLISHED APPROACH TO AN AIRPORT. THE
APPROACHES MAY BE INSTRUMENT LANDING SYSTEM (ILS),
INCLUDING BACK COURSE (BC), LOCALIZER {LOC), PRECISION
APPROACH RADAR (PAR), VOR, LOCALIZER TYPE DIRECTIONAL
AID (LDA), SIMPLIFIED DIRECTIONAL FACILITY (SDF), NON.
DIRECTIONAL BEACON (NDB), TACTICAL AIR NAVIGATION
(TACAN), AIRPORT SURVEILLANCE RADAR (ASR}, MICROWAVE
LANDING SYSTEM (MLS), AND VISUAL AND CONTACT
APPROACHES. FOR TRAINING OR EQUIPMENT LIMITATION
REASONS THE PILOT/CREW MAY REQUEST AN APPROACH
PROCEDURE OTHER THAN THE PREFERRED ONE IN USE BY
ATC. APPROACH CLEARANCES ARE ISSUED TO AIRCRAFT
ARRIVING AT IFR AIRPORTS BY TERMINAL FACILITIES OR THE
ARTCC SECTOR HAVING CONTROL OF THE APPROACH AIRSPACE.

LANDING CLEARANCE

A LANDING CLEARANCE 1S THE AUTHORITY FOR AN AIRCRAFT
TGO LAND ON ASPECIFIC RUNWAY THE PILOT/CREW MAY
REQUEST A LOW APPROACH, TOUCH AND GO, OR STOP AND GO
LANDING INSTEAD OF A NORMAL FULL STOP A CLEARANCE
FOR AN OPTION APPROACH ALLOWS THE PILOT/CREW TO DO
ANY OF THE ABOVE. TOWER CONTROLLED AIRPORTS REQUIRE
A LANDING CLEARANCE WHENEVER THE AIRPORT TRAFFIC
AREA IS ACTIVE (TOWER IN OPERATION)

THE TOWER OUTSIDE THE AIRPORT TRAFFIC ARFA FOR THEIR
LANDING CLEARANCES

=

- ONE-FOUR LEFT, CAUTION WAKE
- TURBULENCE FROM A BOEING 747

: AHEAD OF YOU ON THE APPROACH,
 WIND CALM.*

100GA, CLEARED TO LAND RUNWAY

VFR AIRCRAFT CONTACT




TAS, ALTITUDL, ROUTE DEVIAT'ON

AN AIRCRAFT IS REQUIRED TO REPORT ANY CHA|
IN TAS OF + 10 KNOTS OR + 5% (WHICH EVER IS GRE]
FROM THE FILED FLIGHT PLAN VALUE. WHEN ATC
A SPEED RESTRICTION, THE PILOY/CRFW IS EXPECT
TO REMAIN WITHIN THE ABOVE LIMITC.

- RN
}.\‘ <O pN}

\ ar

[

> - SPTLYY
"AC100, ROGER THE MISSED S e =
APPROACH, CONTACT DEPARTURE .
CONTROL ON FOR RADAR -
VECTORS ON YQUR REQUEST.’ R '
" <« vy AN AIRCRA
. - OVERDUE A
et N CONSIDERE

‘AC100 NO OTHER REPORTS OF
TURBULENCE AHEAD, | HAVEN'T
HAD AN AIRCRAFT AT YOUR
ALTITUDE YET, HOWE YER, THANK
YOU FOR THE REPORT.’

MISSED APPROACH

A MISSED APPROACH IS EXECUTED BY THE PILOY/]
CREW WHEN, UPON ARRIVING AT THE PUBLISHED
MISSED APPROACH POINT OR DECISION HEIGHT, Al
LANDING CANNOT BE MADE. THE PILOT/CREW
ADVISE ATC OF INTENTIONS UPON DECLARING T!
MISSED APPROACH. UNLESS THE PILOT/CREW CA!
IFR THEY ARE EXPECTED TO EXECUTE THE PUBLN
MISSED APPROACH.

PIREP

PIREP'S ARE PILOT REPORTS OF ACTUAL WEATHER

OR ATMOSPHERIC CONDITIONS. THE PIREP MAY DEAL
WITH WINDS ALOFT, TURBULENCE, ICING, THUNDER-
STORM, CLOUD COVER OR OTHER WEATHER ENCOUNTERS
VALUABLE TO THE CONTROLLER AND OTHER TRAFFIC

IN THE AREA OF INFLUENCE.

INITIAL CONTACT

AFTER THE TRANSFER OF CONTROL FROM ONE POSITION/

SECTOR/FACILITY TO ANOTHER THE PILOT WILL INITIATE

A CALL ON THE ASSIGNED AIR/GROUND FREQUENCY. THE

CONTROLLER WILL ACKNOWLEDGE THE TRANSMISSION

AND, IF APPROPRIATE ADVISE THE PILOT THAT THE

AIRCRAFT IS IN RADAR CONTACT AND VERIFIES THE FIL
REPORTED ALTITUDE

Figure 3-3 Fhght Status eents (Single Aircraft) )




7 *AC100, | SHOW YOU FIFTEEN
* MILES SOUTH OF CENTERLINE,
TURN LEFT 30° TO INTERCEPT;

DEVIATION i THE AIRWAY

RY ANY CHANGE

H EVER 'S GREATER)
WUE. WHEN AT:" ASSIGNS
PCREW IS EXPEC. 7D

MiTS
N *AC100, IF YOU ARE ON FREQUENCY
. . PLEASE ANSWER MINNEAPQOLIS
> <y CENTER

OVERDUE AIRCRAFT

AN AIRCRAFT THAT IS MORE THAN THIRTY MINUTES
OVERDUE AT A REPORTING POINT OR DESTINATION IS

CONSIDERED OVERDUE. R

ACH
ENTERING/LEAVING HOLD

‘€D BY THE PILOT/
¥ THE PUBLISHEL
JCISION HEIGHT A

HE PHLOT/CREW WILL
DN DECLARING THE

E PILOT/CREW CANCELS
IECUTE THE PUBLISHED

AN AIRCRAFT IS REQUIRED TO REPORT TIME AND
ALTITUDE ENTERING A HOLD OR REACHING A
CLEARANCE LIMIT. ANOTHER REPORT IS REQUIRED
LEAVING THE HOLDING FIX OR POINT. THE HOLDING
PATTERN MAY BE BASED ON TIMED LEGS OR SOME
LEG LENGTH. THE PATTERN MAY BE PUBLISHED

OR NOT, AND MAY USE RIGHT TURNS [STANDARD)

OR LEFT TURNS.

FILED FLIGHT PLAN

N

Aace vacC (AL T i

N 2  ON THE 272" RADIAL, LEFT TURNS.

= "AC100, HOLJ) WEST OF DUBUQUE

FAF INBOUND

AN AIRCRAFT IS REQUIRED TO REPORT LEAVING THE
FINAL APPROACH FIX INBOUND TO THE AIRPORT IN A
NON-RADAR ENVIRONMENT.

. A&;ﬁ:i-}. )
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‘STAGE A’

LAA321 17 N100GA19

T THIS IS THE
B DAY, CONTROL. T
© EXERCISE CAUTION IN THE VICINITY OF CONFLICT HI
THE AIR FORCE ACADEMY ALERT MESS

AN AIRCRAFT, UNDER THE
THAT DEVIATES INTO THE
OR INTO SPECIAL USE AIR!
INTRUSION EVENT. AM Al
A GIVEN CONTROLLER TH,
AN AIR DEFENSE IDENTIF
HAS TRIGGERED ANOTHE
THE FUTURE SYSTEM AN
TO THIS TYPE OF INTRUSI
SECONDARY TARGET wWOT
BUT WITHIN HIS BOUNDED
ALTITUDE WITHIN THE FI|
AIRSPACE.

‘100GA | SHOW SOME [SOLATED THUNDERSTORMS IN THE
VICINITY OF LUCIN, APPEAR TO BE OF VERY HIGH
INTENSITY, ADVISE IF YOU CAN SEE THEM."

‘100GA DEVIATION 10 MILES IS APPROVED
FOR WEATHER AVOIDANCE, ADVISE IF MORE
IS REQUIRED, AND COULD | GET A REPORT
OF THE CONDITIONS '

DISPLAY OF SEVERE WEATHER

AN AIRCRAFT FLYING IN INSTRUMENT METEOROL
CONDITIONS MAY INADVERTANTLY PENETRATE |
SEVERE WEATHER, ESPECIALLY IF NOT EQUIPPED
INFLIGHT WEATHER DETECTION OR MAPPING (RA
OTHER]}.

‘100GA, CLIMB AND MAINTAIN EIGHT

THOUSAND FEET, EXPEDITE YOUR
CLIMB FOR TERRAIN CLEARANCE ' o
\ N100GA
/ 682 MSAW
7 [ stag
MINIMUM SAFE ALTITUDE WARNING
AN AIRCRAFT FLYING BELOW THE MINIMUM (ER ALTITUDE
IS IN DANGER OF COLLIDING WITH TERRAIN OR AN OBSTACLE
IFSYHETBUFFER ALTITUDE PROVIDED IS INFRINGED UPON.
ASYSTEM ALARM OR CONTROLLER NOTICING THE V]
TRIGGERS THE EVENT. OLATION
Froure 34 Couflict Events (Stngle Multiple A ireraft)
A
e |




CA AA 321 N100OGA
[— N100GA
A

130 25

~

ARTS (e

AIRCRAFT AIRCRAFT CONFLICT

THIS IS THE MOST CRITICAL EVENT IN AIR TRAFFIC
CONTROL THE CONTROLLER MAY DETECT THE POSSIBLE
CONFLICT HIMSELF OR MAY GET A SYSTEM CONFLICT

ALERT MESSAGE. *AA221 TRAFFIC TWELVE O'CLOCK,

TWO MILES, VFR AT NINE THOUSAND FIVE
HUNDRED UNVERIFIED, DO YOU HAVE THE
TRAFFICY

<

IMPENDING AIRSPACE CONELICT o

RAFT UNDER THE CONTROL OF A GIVEN CONTROLLER,
VIATES INTO THE AIRSPACE OF ANOTHER CONTROLLER
O SPECIAL USE VINSPACE HAS TRIGGERED AN AIRSPACE
{ON EVENT AN LIRCRAFT NOT UNDER THE CONTROL OF
CONTROLLER THAT INTRUDES INTO HIS AIRSPACE, OR
DEFENSE IDENTIFICATION ZONE OR SIMILAR BOUNDARY
IGGERED ANOTHER KIND OF AIRSPACE INTRUSION. IN
URE SYSTEM AN ALARM MAY ALERT THE CONTROLLER
TYPE OF INTRUSION. A MODE C INTRUDER ALARM IS A
DARY TARGET WOT CONTROLLED BY THE CONTROLLER
HIN HIS BOUNDED AIRSPACE AND REPORTING AN
POE WITHIN THE FILTER LIMITS SET FOR THAT BOUNDED

E.
TRAFFIC ADVISORY

RE WEATHER TRAFFIC ADVISORIES WILL BE ISSUED WHEN IN THE g
CONTROLLER'S JUDGEMENT: A POTENTIAL HAZARD WILL EXIST: ; S
UMENT METEOROLOGICAL AN AIRCRAFT MAY ENCOUNTER PHENOMENA SUCH AS > Radiy |
LY PENETRATE IMBEDDED PARACHUTISTS, GLIDERS, ETC.; OR THE AIRCRAFT IS DEVIATING -
'F NOT EQUIPPED FOR FROM HIS COURSE.
OR MAPPING (RADAR OR
LA N100GA
. ST REFUELING, EXERCISES, AIR SHOWS
3 LA -
/—’ o REFUELING 1S PERFORMED